Technical efficiency in traditional agriculture : an econometric analysis of the Rupandehi district of Nepal by Sharma, Shalik Ram
TECHNICAL EFFICIENCY IN TRADITIONAL AGRICULTURE:
AN ECONOMETRIC ANALYSIS OF THE RUPANDEHI DISTRICT OF NEPAL
by
Shalik Ram Sharma, B.Sc.(Hons.)» M.Sc.(Stat.)
A sub-thesis submitted in partial fulfilment 
of the requirements for the degree of Master 
of Agricultural Development Economics in the 
Australian National University.
June, 1974
^  LIBRARY ^
(ü)
D E C L A R A T I O N
Except where otherwise indicated, this sub-thesis is my
own work.
June, 197A S. R. Sharma
(iü)
A C K N O W L E D G  E M E N  T S
I owe my greatest intellectual debt to my supervisor,
's
Dr. R. G. Gregory of the Department of Economics, Research School of 
Social Sciences, Australian National University. His valuable comments 
and criticisms were of immense help throughout the preparation of this 
dissertation. I owe him much more than can be expressed in words.
My special thanks are due to Drs. Colin Barlow and Dan 
Etherington, both of the Department of Economics, Research School of 
Pacific Studies, Australian National University. I had every help, 
inspiration and encouragement from both of them throughout my study 
period at the Australian National University.
I am also thankful to Mr. Murray Ray and Mrs. Gloria Robbins 
of the Australian National University for their comments and advice in 
computer programming on various occasions.
I am very grateful to the Nepal Rastra Bank for granting me 
the opportunity of studying at the Australian National University, and 
to the Government of Australia for providing the Colombo Plan Fellow­
ship.
I am extremely grateful to Mr. Jagadish Chandra Gautam of the 
Department of Food and Agricultural Marketing Services, Ministry of Food, 
Agriculture and Irrigation, His Majesty's Government of Nepal. He pro­
vided the Survey Schedules at the time of greatest need.
I am indebted to Mrs. Pauline Lyall for typing the final
version.
(iv)
Finally, I thank all those who directly or indirectly 
inspired and encouraged me during the study period.
June 18, 1974, SHALIK RAM SHARMA
CANBERRA.
(v)
A B S T R A C T
This study attempts to provide a framework for a better under­
standing of the technical and allocative efficiencies of individual 
farms in paddy and wheat farming in the Rupandehi district of Nepal.
The input-output data obtained from a Farm Management Survey 
of the Rupandehi district form the basis of this study. An unrestricted 
form of the Cobb-Douglas production function is fitted to paddy and wheat 
data separately. The function is estimated by two different techniques, 
Ordinary Least Squares and Linear Programming. The function estimated by 
the first approach is interpreted as the average production function and 
expresses the output level which an average farm can obtain from a given 
set of inputs. The function estimated by the second approach is inter­
preted as the best or frontier production function, which expresses the 
maximum output level that can be obtained by only the most efficient 
farm from the combination of factors at the existing state of technical 
knowledge. The major findings with regard to the production coefficients 
are as follows:
1) The hypothesis that the sum of production elasticities 
is not significantly different from unity could not be 
rejected at conventional levels of significance. This 
implies that there are constant returns to scale in the 
production of paddy and wheat in the Rupandehi district.
2) For paddy, the estimated input coeffficients of the 
frontier production function, with the exception of 
manure, the coefficient of which is estimated to be
(Vi)
insignificant, are almost identical with those of 
the average function. The frontier function has 
shifted neutrally outwards from the average function.
3) In the case of wheat, the estimated coefficients of 
the frontier function are quite different from those 
of the average function and therefore the frontier 
function has shifted non-neutrally outwards from 
the average wheat function.
The estimated production functions are used to calculate the 
technical efficiency of the individual farms. For each crop, two 
different vectors of technical efficiency are derived from the average 
and the frontier production functions. The efficiency vectors are 
calculated as the ratios of observed output to the level of output 
estimated from the production functions. From this part of the analysis 
it is found that:
1) There is no significant difference in the efficiency 
ratings that are derived from the average and the 
frontier production functions.
The efficiency in paddy production is not related to 
the efficiency in wheat production. This result 
raises a number of questions as to the meaning of 
these efficiency indices and suggests lines for 
further research.
An attempt is made to estimate the allocative efficiency of 
different farm sizes in the use of farm resources at hand. On the 
basis of the average production function, the marginal returns to
(vii)
factors of production are estimated for both crops separately. The 
estimated marginal returns are then compared for large and small farm 
sizes. The major finding is that small farms utilized more labour, 
seed and manure relative to large farms, and large farms utilized more 
land relative to other factors than did small farms. The question of 
whether these differences in utilization rates represent allocative 
inefficiencies still remains unanswered. To investigate it further 
would require more adequate data on the relationship between relative 
factor prices and farm size.
(viii)
C O N T E N T S
ACKNOWLEDGEMENTS 
ABSTRACT 
LIST OF TABLES 
LIST OF FIGURES
Chapter
1 INTRODUCTION
1.1 Objectives of the Present Study
1.2 Agricultural Household
1.3 Sample Design
1.3.1 Samples for the Present Study
1.4 Physiography of the District ..
1.5 General Agricultural Situation in the District
1.5.1 Present Situation
1.5.2 Credit
1.5.3 Land Use Pattern and Production
1.5.4 Irrigation
1.6 Source and Nature of the Data
1.7 Measurement of Output and Inputs
1.8 Choice of Functional Form and Methods of
Estimation
Page
(iii)
(v)
(xi)
(xiii)
1
1
2
3
4
5 
9 
9
10
13
15
16 
18
21
1.9 Technical Efficiency 22
(ix)
CONTENTS (Continued)
Chapter Page
2 AVERAGE PRODUCTION FUNCTION .. .. .. .. 24
2.1 Average Function .. .. .. .. 24
2.2 Properties of Least Squares Procedure .. 26
2.3 Properties of the Cobb-Douglas
Production Function .. .. .. .. 27
2.4 Measurement of Technical Efficiency .. .. 31
2.5 Specification of Variables .. .. .. 32
3 FRONTIER PRODUCTION FUNCTION .. .. .. .. 34
3.1 Review of Past Work .. .. .. .. 34
3.2 Economic Efficiency .. .. .. .. 37
3.3 Estimation Procedure .. .. .. .. 40
3.4 Measurement of Technical Efficiency .. .. 44
4 EMPIRICAL PRODUCTION FUNCTIONS .. .. .. 46
4.1 Average Production Function .. .. .. 46
4.1.1 Production Elasticities .. .. 46
4.1.2 Returns to Scale .. .. .. 56
4.1.3 Effect of Literacy .. .. .. 56
4.2 Frontier Production Function .. .. 58
4.2.1 Frontier Coefficients .. .. 58
5 TECHNICAL EFFICIENCY OF THE FARMERS . . .. 63
5.1 Efficiency Ratings .. .. .. .. 63
5.2 Technical Efficiency in Paddy
Production .. .. .. .. .. 67
5.3 Technical Efficiency in Wheat
Production .. .. .. .. .. 67
CONTENTS (Continued) 
Chapter
(x)
Page
5 (Continued)
5.4 Efficiency Comparison between Paddy
and Wheat Production .. .. .. .. 69
5.5 Comparison of the Efficiency Ratings
from the Average and the Frontier
Production Function .. .. .. .. 70
6 MARGINAL RETURNS TO FACTORS OF PRODUCTION .. .. 83
6.1 Marginal Returns .. .. .. .. 83
7 CONCLUSIONS .. .. .. .. .. .. 109
* * * * *
BIBLIOGRAPHY .. .. .. .. .. .. . . 114
* * * * *
APPENDIX I: COMPUTATION OF THE SPEARMAN RANK
CORRELATION COEFFICIENT .. . . .. 118
APPENDIX II: QUESTIONNAIRE .. .. .. .. .. 120
* * * * *
12
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
(xi)
Page
5
8
9
12
14
17
21
47
49
50
51
55
57
59
64
68
70
LIST OF TABLES
Title
Sample Panchayats, Total Number of Households 
and the Number Selected in Each Panchayat, 
and Distance of Panchayats from District 
Headquarters
Average Maximum and Minimum Temperatures (°C) 
of Butwal
Average Rainfall (mm.) of Butwal
Area and Production of Paddy and Wheat in 
Lumbini Zone and Rupandehi District ..
Cereal Grain Production of Rupandehi District
Availability of Agricultural Inputs within 
the Panchayats ..
Livestock Population per Household and Their 
Uses in the Rupandehi District
Production Coefficients for Wheat and Paddy
Simple Correlation Coefficients between 
Selected Variables
Estimated Average Production Functions
Simple Correlation Coefficients between 
Selected Variables Excluding Animal Labour ..
Coefficients of Farm Production Functions 
for Uttar Pradesh and Punjab: 1955-56, 1956-57
Estimated Average Production Functions with 
Literacy Dummy Variable
Estimates of the Average and Frontier 
Coefficients
Technical Efficiency in Paddy Production 
Technical Efficiency in Wheat Production
Test Statistics between Average and Frontier 
Efficiency Ratings
LIST OF TABLES (Continued)
Table Title
18 Estimated Average and Frontier Production 
Functions
19 Efficiency Comparison between Paddy and 
Wheat - Average Function
20 Efficiency Comparison between Paddy and 
Wheat - Frontier Function
21 Test Statistics between Paddy and Wheat 
Efficiency Rankings
22 Relative Outputs and Efficiencies, Paddy 
and Wheat - By Individual Farms
23 Geometric Means, Production Elasticities 
and Marginal Productivities of Various 
Inputs in Paddy and Wheat Production
24 Marginal Productivity of Input Factors in 
Paddy Production - By Individual Farms
25 Marginal Productivity of Input Factors in 
Wheat Production - By Individual Farms
26 Distribution of Marginal Productivity of 
Land in Paddy Production
27 Distribution of Marginal Productivity of
Labour in Paddy Production
28 Distribution of Marginal Productivity of
Labour in Wheat Production
29 Average Marginal Returns, Standard 
Deviations and Coefficients of Variation 
of the Marginal Returns of Input Factors 
in Paddy Production
30 Average Marginal Returns, Standard 
Deviations and Coefficients of Variation 
of the Marginal Returns of Input Factors 
in Wheat Production
(xiii)
LIST OF FIGURES
Figure Title Page
1 Map of Nepal (xiv)
2 Map of Rupandehi District • • 6
3 Productive Efficiency .. 36
4 Efficiency Index 45
5 Average and Frontier Efficiency Ratings - 
Paddy •• •• •• •• •• 72
6 Average and Frontier Efficiency Ratings - 
Wheat 73
7 Efficiency Ratings in Paddy and Wheat 
Production - Average Function 79
8 Efficiency Ratings in Paddy and Wheat 
Production - Frontier Function 80
9 Paddy Wheat Output and Efficiency Ratios - 
Frontier Function 82
10 Marginal Productivities of Land Under 
Paddy 95
11 Marginal Productivities of Land: 
Relationship to Area Under Paddy 96
12 Marginal Productivities of Land: 
Relationship to Area Under Wheat 97
13 Marginal Productivities of Labour Under 
Paddy 100
14 Marginal Productivities of Labour: 
Relationship to Area Under Paddy .. • • 101
15 Marginal Productivities of Labour Under 
Wheat •• •• •• •• •• • • 104
* * * * *
( x i v )
FIGURE 1 
MAP OF NEPAL
CHAPTER 1
INTRODUCTION
1.1 Objectives of the Present Study
This study is an analysis of the technical efficiency of 
farms in traditional agriculture of the Rupandehi district of Nepal. 
Analysis of the technical aspect of economic efficiency has not thus 
far been done, either at the district or the national level. It is 
for this reason that the present study has been taken up with the 
following objectives:
1) To fit the same functional form (Cobb-Douglas 
type production function) to paddy and wheat 
data by the least squares and linear program­
ming techniques.
2) To compare the functional coefficients (output 
elasticities) obtained from the least squares 
technique (average production function) to 
those obtained from the linear programming 
technique (the frontier or best production 
function) for both the paddy and the wheat crop.
3) To estimate the technical efficiency of 
individual farms relative to the average 
production function, for both paddy and wheat 
production separately.
4) To estimate the technical efficiency of
individual farms relative to the frontier
production function, for both paddy and wheat 
production separately.
5) To compare the efficiency vector obtained in 
relation to the average function with the 
efficiency vector obtained in relation to the 
frontier function, for the production of paddy 
and wheat separately.
6) To examine whether the farmers who are more 
efficient than average in producing paddy are 
also more efficient in producing wheat.
7) To examine the returns to scale from the 
average production function for both crops 
separately.
8) To examine the effect of literacy on the 
production process.
9) To estimate the marginal returns to factors of 
production on the basis of average production 
function, for wheat and paddy separately.
1.2 Agricultural Household
An agricultural household is defined as an individual or 
group of individuals belonging to the same family, who cultivate s< 
land (above 0.0013 hectare) and produce agricultural output. Farm 
household, farm and farmer are used interchangeably.
3*
1.3 Sample Design
1 2Rupandehi district consists of 78 village panchayats and 
1 3two town panchayats . The average population of a village panchayat 
is about 2,734 persons. A simple random sample of 15 was drawn from
4a total of 78 village panchayats. These sample panchayats form the 
first stage sampling units in the district. The households within 
each of the selected panchayats were completely enumerated and the 
information on the total size of farm holdings, cultivated size of 
holding and tenancy patterns was obtained. On the basis of this 
information the households in each sample panchayats were stratified 
into seven different categories of holdings. The total number of 
farm households to be drawn from each primary unit was fixed 
arbitrarily at 60, with the provision that where possible, at least 
two households would be included from each stratum. The number of 
households selected from each stratum varied according to the 
proportion of farm households falling in that stratum. The procedure 
adopted in selecting the sample farms was the probability proportion 
to size method.
* Refers to the original design adopted by the Economic Analysis 
and Planning Division in the Farm Management Study.
1. Central Bureau of Statistics (1971).
2. A village panchayat is a rural administrative unit under the 
present Panchayat System.
3. Town panchayat is a basic administrative unit in the Urban 
Sector. The two town panchayats in the district are Butwal and 
Bhairhawa, the former with 12,815 inhabitants and the latter with 
17,272.
4. Hereafter the sample panchayat or panchayat will mean the 
village panchayat, as no town panchayat was included in the population.
4Thus the statistical outline of the survey was a two- 
stage stratified random sampling with village panchayats as the 
primary unit and farm households as the ultimate sampling units.
1.3.1 Samples for the Present Study
Of the 15 sample panchayats surveyed by the Economic 
Planning and Analysis Division, only five were selected for 
the present study.^ The number of sample farms from each of 
these five was further reduced to a maximum of 31 households. 
Those households for which the survey schedules were either 
inconsistent or incomplete were rejected.
The total number of households and the number selected 
from each of the five panchayats for the present study are 
presented in Table 1. Besides the number of selected house­
holds, Table 1 also shows the proportion of the sample taken 
from each panchayat and the distance of the respective 
panchayats from the district headquarters. The percentage of 
samples varied from a minimum of 5.31 in Balarampur to a 
maximum of 9.12 in Pharena panchayat. Under the present study, 
the total sample size, taking all the five panchayats together, 
is 138, which forms 6.17 per cent of the total households.
5. The number of panchayats had to be reduced to five because the 
survey schedules were available only for the five panchayats.
5TABLE 1
SAMPLE PANCHAYATS, TOTAL NUMBER OF HOUSEHOLDS AND THE 
NUMBER SELECTED IN EACH PANCHAYAT AND DISTANCE OF 
PANCHAYATS FROM DISTRICT HEADQUARTERS
Sample
Panchayats
Total
Number of 
Households
Number of 
Households 
Selected
Percentage
of
Households
Selected
Distance 
from the 
District 
Headquarters 
(in miles)
Bangain 416 26 6.25 17
Dhakdhai 433 27 6.23 6
Pharena 274 25 9.12 16
Balarampur 583 31 5.31 16
Karhiya 529 29 5.48 10
Total 2.235 138 6.17
1.4 Physiography of the District
Rupandehi district, with Bhairhawa as its headquarters, is
one of the six districts of Lumbini Zone. The district is situated
%
about 150 miles west of Kathmandu, the capital city of the country.
It is bounded by Kapilvastu to the west and Nawalparasi to the east. 
To the north lies the district of Palpa, while the southern part 
extends to the Indian border of Uttar Pradesh. A map of the district 
with the surveyed panchayats is presented in Figure 2.
6 * The total area of the district is 132,000 hectares ,
£
of which 78,000 hectares is under cultivation. Land is cultivated
6. Economic Analysis and Planning Division (1972), p.16.
* 1 hectare = 2.47 acres
6F I G U R E  2
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7extensively in the south, east and west. The northern part is mostly 
covered with dense forest. The population according to the 1971 
Census^ was 243,000.
g
The average altitude of the district is 400 feet above the 
mean sea level. The temperature in the district varies from an
g
average maximum of 36.80°C during summer to an average minimum of
g
6.20°C during winter. The highest average temperatures occur in 
April, May and June and the lowest in December, January and February. 
The average maximum and minimum temperatures for 1967, 1968 and 1969, 
recorded at Butwal station, 18 miles north of the district head­
quarters, are shown in Table 2. However a word of caution should be 
associated with the table. As Butwal is situated at the foot of the 
hills, the average maximum temperature remains a bit lower than the 
average maximum temperature for the district, while the average 
minimum temperature remains at a higher level than the average mini­
mum for the district.
The district receives rainfall from the south-east monsoon 
during summer which accounts for more than 75 per cent of the annual 
rainfall. The monsoon starts in early June and lingers on until 
October. The highest rainfall occurs in June, July, August and 
September. The winter rainfall begins in mid-December and continues 
to mid-January. February, March, April and November remain almost 
dry. The average rainfall for 1967, 1968 and 1969 recorded at 
Butwal Station is presented in Table 3.
7. Central Bureau of Statistics (1971).
8. Nepal Rastra Bank (1972, V.I), p.43.
8TABLE 2
AVERAGE MAXIMUM AND MINIMUM TEMPERATURES (°C) OF BUTWAL
Month
1967 1968 1969
Max. Min. Max. Min. Max. Min.
January 24.1 12.0 21.8 11.7 22.6 11.4
February 27.2 14.5 24.1 12.4 25.9 13.6
March 29.0 16.9 30.8 18.3 33.1 20.2
April 33.9 20.9 36.3 20.4 36.9 23.8
May 37.0 24.9 39.6 26.5 36.2 24.8
June 35.3 25.5 33.1 24.7 34.7 23.5
July 32.0 25.5 32.1 25.2 32.5 24.7
August 32.7 25.3 32.1 25.3 31.8 24.8
September 32.1 24.1 32.7 24.8 31.7 24.4
October 31.1 20.6 30.1 20.7 31.2 21.8
November 27.1 16.3 27.7 17.3 28.3 17.9
December 24.0 13.7 24.5 13.6 25.0 14.2
Year 30.5 20.0 30.4 20.1 30.8 20.4
Source: Department of Hydrology and Meteorology (1967-69).
The soil of the district is suitable for the cultivation of 
paddy and wheat among the cereal grains, and pulses, oilseeds and 
sugarcane among the cash crops.
9TABLE 3
AVERAGE RAINFALL (mm.) OF BUTWAL
Year/Month 1967 1968 1969
January 0.0 48.0 7.2
February 0.0 0.0 0.0
March 32.2 12.6 2.0
April 40.2 7.2 73.2
May 37.6 25.4 107.8
June 464.6 402.6 295.2
July 541.2 612.0 594.6
August 565.8 428.4 494.6
September 513.9 399.8 355.8
October 0.0 203.8 10.4
November 0.0 0.0 0.0
December 5.4 36.2 0.0
Annual Total 2,200.9 2,176.0 1,895.8
Source: Department of Hydrology and Meteorology (1967-69).
1.5 General Agricultural Situation in the District 
1.5.1 Present Situation
The economy of the Rupandehi district is based largely
9on agriculture. Nearly 86 per cent of the district population 
derive their income and livelihood from agriculture.
9. Nepal Rastra Bank (1972, V.I), p.43.
10
Though the agricultural sector occupies a key position in the
district’s economy, it is still very much subsistence oriented
in nature. The same traditional way of cultivation is found
almost everywhere in the district. Use of improved practices
*is confined to a handful of big and influential farmers. The 
farmers who have reported the availability of improved seeds 
and chemical fertilizer or extension services in the panchayat 
(Table 6) belong to this category. The average net farm income 
of small farms is estimated at Rs.734.^  With so little farm 
income the majority of farmers in this category cannot save to 
invest in improving their farms. ' In many cases the farmers with 
small land holdings cannot meet their expenses from their farm 
income and have to borrow quite a lot of money or food grains in 
order to repay old debts and/or to pay land taxes or just to 
feed the family members. Under these circumstances, the common 
farmers are unable to switch over to improved practices or to 
introduce farm mechanization in the absence of adequate credit 
facilities.
1.5.2 Credit
The total credit needs of the district are estimated at 
Rs. 1,791 thousand'*''*' at the existing level of technology and
* Farmers with 80 or more katthas of land holdings.
10. Nepal Rastra Bank (1972, V.IV), p.187. In this Report farm 
sizes are classified on the basis of land holdings. The classi­
fication is as follows:
Small farm - 1.60 to 80 katthas (0.05 to 2.71 hectares)
Medium farm - Above 80 to 160 katthas (above 2.71 to 5.42 hectares) 
Large farm - Above 160 katthas (above 5.42 hectares)
11. Ibid., (V.I), p .84.
11
12Rs.33,577 thousand at the improved level. The Land Reform
Savings Corporation and the Agricultural Development Bank
through the ward/village canmittees and the co-operative
societies at the grass roots level can play a significant
role in meeting the credit requirements of the farmers. But
in practice the risks and uncertainties involved in farming
are so high that even these public credit institutions hesitate
to extend production credit without sufficient security. For
this reason, the common farmer who needs the credit most has
the least creditworthiness in the eyes of the public credit
agencies. As a result, the credit extended by the public
financial institutions is confined mostly to the big farmers
providing no other alternatives to the majority of farmers but
to borrow solely from private credit agencies where the
13interest rate is often as high as 50 per cent. The failure 
of public credit agencies to penetrate the lower strata of 
peasantry which forms the backbone of the industry is 
reflected in the Agricultural Credit Survey findings of Nepal 
Rastra Bank (1972, V.IV, p.188) which states:
"...bigger the size of farm, the more was the 
borrowings from the institutional credit agencies, 
while smaller the size of the farm, the more was 
the borrowings from the private credit agencies."
12. Ibid., p.94.
13. Ibid., (V.IV), p.188.
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1.5.3 Land Use Pattern and Production
The pattern of land use is such that nearly 75 per cent 
of the total cultivated land is under paddy, 10 per cent under 
wheat, 10 per cent under cash crops and the rest under other 
miscellaneous crops.^
Table 4 reveals that the area under paddy in the district, 
which accounts for 5.53 per cent of the national rice area and 
38.66 per cent of the zonal rice area, produces 5.13 per cent 
of the national rice production and 38.13 per cent of the zonal 
rice production. Similarly, the area under wheat, which forms 
5.94 per cent of the national wheat area and 33.19 per cent of 
the zonal wheat area, produces 4.78 per cent of the national 
wheat production and 31.56 per cent of the zonal wheat pro­
duction. Table 5 shows the cereal grain production of the 
district from 1967/68 through 1970/71. Accordingly, the paddy 
production stands at 86.80 per cent, followed by wheat at 
8.19 per cent, and the combined production of maize, millet 
and barley constitutes the remaining 5.01 per cent of the 
total cereal grain production of the district.
Yotopoulos (1969, p.22) defines agricultural surplus as 
the amount by which food production exceeds the food consumption 
of the agricultural population. In this context, Rupandehi has 
long been a food-surplus district. During 1970/71, the district 
had a food surplus of 30,688 metric tonnes.
14. Ibid., (V.I), p.43.
15. Economic Analysis and Planning Division (1972), p.77.
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1.5.4 Irrigation
The major source of permanent irrigation is the Tinou 
Project which provides irrigation water to 14,100 hectares^ 
of land. By the end of 1970/71, three more minor irrigation 
projects with a combined irrigation capacity of 585 acres'^ 
(236.84 hectares) had also been completed. Wells and small 
tanks also provide irrigation water to some extent. All these 
sources cover only about 20 per cent of the total cultivated 
land of the district. The major portion of the land is thus 
dependent on the monsoon. Fluctuations and instability in 
monsoon conditions can create a serious problem in the 
district's agriculture. In view of the need for increased 
agricultural production the existing irrigation facilities in 
the district are very inadequate. Extension of assured 
irrigation could bring about a substantial increase in the 
district’s agricultural production.
1.6 Source and Nature of the Data
The input-output data on paddy and wheat production used in 
this study was obtained from the Farm Management Survey of the 
Rupandehi district of Nepal. The Survey was undertaken by the then 
Economic Analysis and Planning Division of the Ministry of Food and 
Agriculture during March-April of the 1968/69 crop year. The primary 
information was collected by questionnaire interviews from a number 
of cross-sectional households spread over 15 village panchayats.
A set of Survey questionnaires is presented in Appendix II.
16. Nepal Rastra Bank (1972, V.I), p.43.
17. Economic Analysis and Planning Division (1972), p.58.
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An Assistant Supervisor with a team of 8 to 12 local 
enumerators was assigned to interview the farm households in the 
selected panchayats of the district. Every care was taken to ensure 
that the data was of good quality. Although the interviewers were 
trained extensively in interview techniques it could not be said 
that they were as reliable and efficient as interviewers in agri­
cultural surveys of other countries. Quite apart from the quality 
of the interviewers there is the special problem that farmers do 
not keep production and financial records and must rely on memory.
It seems inevitable that this will impart errors to the data. The 
important question, however, is whether there are any systematic 
biases. Given the circumstances, it is not possible to provide any 
precise answers to this question.
The two crops, paddy and wheat, which are grown on approxi- 
18mately 85 per cent of the total cultivated land in the district,
are the main source of farm income, human diet and livelihood for 
18about 86 per cent of the district population. Each of the 138 
farms selected for the present study cultivates paddy and 87 combine 
paddy with a wheat crop. In this analysis, each of the selected 
households is considered as a separate production enterprise for 
which there is a set of production data on output and various 
factors of production. Among the factors of production, land, human 
labour, animal labour, seed and organic manure are taken into account. 
Input factors such as irrigation, pesticides, tractor power, 
extension services and chemical fertilizer are not included because 
of their limited use and/or unavailability in the selected panchayats. 
The extent to which these inputs are available is evident from Table 6.
18. Nepal Rastra Bank (1972, V.I), p.43.
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Each sample household was asked to express its view on the 
availability of various inputs. As to the question of whether the 
improved seeds were available in the panchayats, 8 farmers (5.8 per 
cent) reported "yes", while 113 farmers (81.9 per cent) reported 
"no", and the remaining 17 farmers (12.3 per cent) reported inadequacy 
in the supply of improved seeds. Similarly, 3 farmers (2.2 per cent) 
reported the availability of chemical fertilizer, 122 farmers (88.4 
per cent) claimed that chemical fertilizer was unavailable and the 
rest (13 farmers, 9.4 per cent) reported inadequacy in the supply of 
chemical fertilizer. The availability of other factors such as 
irrigation, agricultural implements, extension services and pesti­
cides can be seen in detail from Table 6.
*
1.7 Measurement of Output and Inputs
Each farm’s output is expressed in physical terms and
19measured in the local unit, mani . The output vector refers to the 
entire quantity of paddy (or wheat) produced by each sample farm 
during 1968/69, irrespective of whether it was consumed, marketed or 
added to inventories. Gross output rather than net output is con­
sidered in this study. The reason for choosing gross output is that 
the intermediate inputs which are deducted from gross output to
derive net output may not have the fixed relation to output, which
20is implied in the use of the net output concept, as the output 
measure in the estimated production function. There is little 
difference in the output qualities of different farms in the district
* Output and all other input factors are on a per farm basis.
19. 1 mani = 9.7392 kg. for paddy.
= 13.6096 kg. for wheat.
20. Gross and net output concept is discussed briefly in 
Yotopoulos (1969), pp.64-66.
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and consequently the output of each crop is treated as an homogeneous 
product. Output of both crops is exclusive of the by-products, as 
these by-products are relatively insignificant.
Land: In agriculture, there is every possibility of double
cropping, multi-cropping or of leaving land fallow for a certain
number of years. As a consequence, the land actually cultivated
will sometimes be greater and sometimes less than the total
physical area. Land is therefore considered as a variable input
21of production, and is measured in kattha. By land input we shall 
mean only that acreage which is actually planted by each crop. No 
attempt could be made here to eliminate the soil differences among 
the farms. The data required for these purposes are not available.
Human Labour: Human labour consists of family and hired labour days.
This variable is measured as the sum of all the labour days required 
from the preparation of seed-bed to the harvesting and threshing 
period in the case of paddy and from sowing to threshing in the case 
of wheat. It also includes the number of labour days associated 
with the use of animal labour for ploughing the field. The bullocks 
or buffaloes are used in pairs so that one man day spent in ploughing 
is accompanied by an animal pair.
Males and females of various age groups work together at 
the farm level. A male worker of the age group, say 16-59, is 
physically stronger than a female worker of the same age group. As 
a result, the male workers can do difficult jobs more efficiently and 
effectively compared to female workers. Because of these differences 
differential wage rates exist in the agricultural sector of the
21. 1 kattha = 0.034 hectare.
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district. In this study, age and sex differences have been eliminated 
by standardizing labour days into adult man-days. Accordingly, a male 
worker of the age group 16-59 working for eight hours at the farm
•klevel makes one complete adult man-day. Eight hours of work put in 
by a woman of age group 16-59 is equivalent to 0.80^ adult man-day. 
Similarly, eight hours’ work done by a child (male or female) is 
equivalent to 0.50^ adult man-day.
An~i™al Labour: This variable is measured in animal pair days. In the
Rupandehi district, bullocks and buffaloes are used at the farm level.
In addition to the usual farm work they are also used extensively for 
transportation purposes. Livestock population per household and their 
uses in the Rupandehi district is shown in Table 7. One pair of 
bullocks or buffaloes working for 8 hours constitutes one animal pair 
day. This animal labour includes owned and hired animal pair days.
In the absence of adequate information on the age, price and breed 
differences, no attempt is made to eliminate the differences due to 
age or breed factors in animal pair days.
Seed: This input variable is expressed in physical terms and
measured in mani. Most of the seed used are local varieties.
Organic Manure: Two kinds of organic manure are used at the farm
level. The first is farmyard manure which is obtained without much
labour or cost. The second is compost which requires more labour.
Among these two types of manure the former is the most popular among
the farmers and is used extensively in the district. The variable is 
22measured in maunds of manure/compost.
* This definition was followed from the Economic Analysis and 
Planning Division (1971).
# These conversion factors were adopted from the Economic Analysis 
and Planning Division (1971).
22. 1 maund = 37.31 kg.
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TABLE 7
LIVESTOCK POPULATION PER HOUSEHOLD AND THEIR USES IN 
THE RUPANDEHI DISTRICT
Item Bullock Buffalo Total
No. of population 
per household 2.65 0.29 2.94
No. of population 
used for ploughing 2.38 0.15 2.53
Average No. of 
days for ploughing 
in a year 99 172
Average No. of 
days per year for 
transportation 25 59 -
Source: Economic Analysis and Planning Division (1972)
1.8 Choice of Functional Form and Methods of Estimation
23A Cobb-Douglas type functional form was selected, 
a priori, on the ground that it usually gives a good fit to the farm 
management data. Another justification for its selection is that the 
Cobb-Douglas function estimated by the average statistical techniques
23. Some other form such as the CES functional form could have 
been selected for the purpose. The reasons for its exclusion are 
numerous. Some of them are as follows:
i) the function with more than two factors of
production becomes comparatively more tedious 
and difficult to estimate;
ii) with five factors of production the CES
function becomes almost unmanageable; and
iii) the function is not possible to estimate 
using linear programming techniques.
permits direct comparisons with the Cobb-Douglas function estimated 
by the linear programming technique. The appropriate functional 
form having been chosen, the function is fitted by two different 
approaches, namely the statistical approach and the frontier approach. 
The function estimated by the first approach is interpreted as the 
average production function, and the one estimated by the second 
approach as the frontier or best production function. There are a 
number of techniques available to estimate the average as well as 
the frontier functions. In this study the estimation methods chosen 
are the Ordinary Least Squares technique for the average function 
and the single signed "least lines" for the frontier function. The 
difference between these two approaches lies in the fact that the 
former approach minimises the sum of squares of the error terms on 
both sides of the estimated function while the latter approach 
minimises the sum of the error terms with all error terms con­
strained to one side of the function. Timmer (1970, p.101) has 
expressed the relative importance of single signed "least lines" as -
"...its ease of estimation with linear programming 
methods, its conformity to most of economic theory, 
and the facility with which comparisons can be made 
to more conventionally estimated production functions".
1.9 Technical Efficiency
Technical efficiency of a farm can be defined as its 
success in producing maximum output from a given set of inputs.
In this light, a farm is said to be more technically efficient 
than another if it produces larger quantities of output from the 
same quantities of measurable inputs.
23
First, the average and the best production functions will 
be estimated for each crop separately.
"[T]he reason for estimating the production functions is 
to find the 'right' way to correct for differential use 
of factors of production - otherwise there is no way to 
judge one State's performance relative to that of another 
when different factor amounts and proportions are used." 24
The average and the best functions so estimated will enable 
us to predict the average and the maximum physical output levels 
obtainable from each possible input combination. In other words, the 
output level predicted from the average function indicates the level 
obtainable by the average farm, and the one predicted from the best 
function indicates the output level that can be achieved by the best 
farm only. Once the production functions are estimated the technical 
efficiency of the individual farms will be measured in relation to 
the average and the best functions for each crop.
Accordingly, the ratio of the actual observed output to the 
output predicted from the average production function measures the 
efficiency level of the respective farm relative to the average farm. 
Similarly, the ratio of the actual observed output to the output 
predicted from the best production function measures the efficiency 
level of the respective farm relative to the best farm. The measure­
ment of technical efficiency of individual farms of the Rupandehi 
district is concerned with the actual farm performance in the district 
relative to the average and the best possible performances in that 
particular district, but not in relation to what is possible elsewhere.
24. Timmer (1970), p.148.
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CHAPTER 2
AVERAGE PRODUCTION FUNCTION
This chapter is devoted to the theoretical discussion of
the average production function and to the specification of variables.
The first part of this chapter deals with the properties of the Least
Squares method and the Cobb-Douglas production function. The second
part of the chapter deals with the measurement of technical efficiency 
and the specification of variables underlying wheat and paddy pro­
duction in the district.
2.1 Average Function
The Cobb-Douglas function in its best-known form is:
ii
m 3.
3 IT X.1 .............. (2.1)
° 1=1
where,
yj =
output of farm j (j = l,2,....,n)
X ij =
amount of factor i used by farm j
II•H
ca p arameters associated with the it^ 
factor-use x^ (i = 1,2,....,m)
ßo ’ the efficiency parameter
In order to estimate (2.1) from the sample, the error term is usually
introduced as -
y 3 =
m  3±
3 tt x.^ e. ................. (2.2)
° i =1 3  K }(2 .2)
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A useful characteristic of the non-linear form (2.2) is that
it becomes linear in the■ logarithms of the variables, which is a
necessary condition for the regression technique.
Thus, (2.2) can be written in log linear form as -
Y. = J
m
ß + Z  ß X + E ............
° i=l 1 lj J
....... (2
where,
Y. = J loge(y.)
xij = 1°ge(Xij)
6o ■ 1°ge(Bo)
E. = J l°ge(e.j)
Equation (2.3) now expresses the exact linear relationship
between the variable Y . and the m explanatory variables X..,X ,....,XJ 1 2 B
Here, the error term E_. may be composed of the measurement 
error in different input factors and/or the error due to the omission 
of certain variables in the function.
It is assumed that the measurement of variables is error- 
free, which means the former type of error does not exist in the 
function. However, we recognise the existence of error due to the 
exclusion of some factors from the function. Assume for the moment 
that among the various factors of production, management is a crucial 
factor which is omitted from the function. Where managerial efficiency 
is the only factor omitted from the production function the efficiency 
term will vary from farm to farm or from industry to industry. The 
error term E. in equation (2.3) is therefore assumed to measure the
26
differences in the technical efficiency and $o
the average efficiency level.
therefore represents
The parameters ß^s (i=0,l,2,....,m) and the error distri­
bution are unknown and the problem is to obtain the estimates of these 
unknowns. The procedure adopted to estimate these unknown parameters 
is the Ordinary Least Squares method. Now the sample estimates of 
(2.3) would be given by -
Y.
J
/\ m a.
S0 + Zi=l + U. J
where,
(2.4)
3^ (i=0,l,2,.... ,m) are the least squares estimates of (3^ s.
The Lease Squares method has been discussed in detail by
2many authors in statistics or econometrics text books. It is there­
fore proposed here to mention briefly some of its properties (and the 
underlying assumptions) first, and then discuss the relevant 
properties of the Cobb-Douglas function.
2.2 Properties of the Least Squares Procedure
The attractive statistical properties of the single equation 
least squares method are the facility of estimation and the fact that 
ordinary least squares provides the best linear unbiased estimator of 
the parameters of (2.3) when the following conditions are met:
1. Of course the error term will include more than technical 
efficiency. The difficult problem of apportioning the error term 
between technical efficiency and other sources of error has not been 
attempted in this study. In this regard, the adopted procedure is 
rather unsatisfactory. The only way in which progress can be made 
in this direction is to collect data which refer explicitly to 
managerial efficiency. These data are unavailable. In a subsequent 
chapter, however, literacy is used as a proxy variable for technical 
efficiency.
2. For example, see Dhrymes (1970,pp.145-150) and Johnston (1963, 
Chapter 4).
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a) the disturbances E_. are random variables with 
zero expectation.
b) The disturbances are uncorrelated and have 
common variance c2.
c) The independent variables are uncorrelated 
with the error terms, and
d) The number of observations exceeds the number 
of parameters to be estimated (including the 
intercept) and that no exact relationships 
exist between any of the explanatory variables.
2.3 Properties of the Cobb-Douglas Production Function
Some of the properties of the Cobb-Douglas function which 
have direct relevance to the present study are discussed below.
1) The marginal product of a factor is obtained by taking
the partial derivative of the function with respect to that
factor, with all other input levels held constant. Thus,
from equation (2.1), and ignoring the j subscript, the marginal 
t hproduct of the i factor x^ is derived as
MP
£>1 32 B. B x /  x /l o 1 2
B. —
1 xi
(2.5)
2) The coefficients B^ (i=l,2,....,m) are the output elasticities 
of the respective factors of production, each of which remains 
constant throughout the production surface.
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The output elasticity of the
x. 9_ _JL _JLi
•H£ )Xi
xiii y3 —y 1 X.1 ij
= 6,
it 1^ factor x^ is given by -
[From equation (2.5)]
............ (2 .6)
The production elasticity of each input indicates the 
expected percentage change in the gross output for a one per 
cent change in that input, with other input levels held con­
stant.
Equation (2.6) can also be expressed as -
^  = ß - r3x. Pi x .l l
which means the marginal product of the i input is proportional 
to the average product multiplied by its exponent.
3) The sum of the output elasticities measures (i) the degree 
of homogeneity of the function and (ii) the returns to scale.
The returns to scale are decreasing, constant or increasing 
according as the sum of elasticities is less than equal to or
greater than unity.
29
In mathematical notation, we have - 
m
If £ < 1, decreasing returns to scale
i=l 1
= 1, constant returns to scale
> 1, increasing returns to scale.
Decreasing returns to scale means that if all factors of 
production are increased simultaneously by one per cent, gross 
output will increase by less than one per cent. Increasing 
returns prevail if the gross output increases by more than one 
per cent. When the situation is such that a one per cent 
increase in the input factors leads to a one per cent increase 
in the gross output, the relationships are of constant returns 
to scale. Here it is to be mentioned that the function, though 
it permits decreasing constant or increasing returns to scale, 
allows only one of these and not a combination.
4) From equation (2.5), we see that the marginal product 
changes as the input levels are changed. By differentiating 
(2.5) once again, we get -
Now, since < 1, the right hand side of (2.7) becomes negative. 
Thus, the marginal productivity declines for increasing levels 
of factor-use, with all other inputs held constant.
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5) Marginal productivity is often used to evaluate the
allocative efficiency of individual plants, firms or industries.
Under perfect competition the highest efficiency in resource
use occurs at the point where the marginal value product of
each of the resources is equal to its marginal cost. In the
theory of the firm, the equality of the marginal product of
each factor to its factor-product price ratio forms the first
thorder condition for profit maximization. Thus, for the i 
input, the first order condition would be given by -
where,
(2.8)
= price of the ith factor
Py = price of the product
Thus, under the assumption of perfect competition equation (2.8) 
could be used to examine the extent of resource misallocation of 
a particular firm in the production process. In other words, the 
difference between the marginal productivity of a factor and its 
opportunity cost measures the degree of allocative inefficiency 
of the firm under consideration.
If we assume that the maximization condition of equating
marginal revenues to marginal costs holds true not only in
31
agriculture but also in all other sectors of the economy,
"...then private maximization leads to Pareto 
optimality with respect to national welfare. 
Nobody could be made better off without somebody 
becoming worse off".3
6) One of the most limiting characteristics of the Cobb-Douglas
function is that it assumes a constant and unit elasticity of
substitution between the input factors. In 1961, Arrow, Chenery, 
4Minhas and Solow jointly developed an alternative form of 
production function which belongs to the class of CES production 
function. This function assumes a constant elasticity of sub­
stitution but it is not restricted to unity. This function 
is more difficult to estimate as it requires either the use of 
a non-linear estimation package or good data on factor prices. 
Given the available data and the time available it was decided 
to concentrate on the Cobb-Douglas production function.
2.4 Measurement of Technical Efficiency
Equation (2.4) represents the average production function. 
The estimate obtained from this function indicates the average output 
level (in the log form) which an average farm could obtain from a 
given set of inputs. The efficiency index is calculated relative to 
this estimated average function.
The index of technical efficiency = tt-
yj
Antilog of (Y -Y ) ..... (2.9)
where, is the log of the observed output of the j farm and
/\Y is the estimated output level given by (2.4).
3. Yotopoulos (1967), p.192.
4. See Arrow, Chenery, Minhas and Solow (1961), pp.225-50.
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2.5 Specification of Variables
The analysis is carried out under the assumption that the 
same functional form applies to all of the farms. A Cobb-Douglas 
function of the form (2.3) was used to relate the outputs of wheat 
and paddy crops to the set of observed input factors used in the 
crop production. Among the various factors of production, land, 
human labour, animal labour, seed and organic manure were taken into 
consideration.
A complete and correct specification of variables is 
impossible to attain and thus the degree of mis-specification of 
variables becomes a crucial factor in the production function analysis. 
The smaller the degree of mis-specification the smaller will be the 
specification error in the estimated function and consequently the 
better will be the estimates.
The most common specification error is caused by the omission 
of relevant variables. Most variables are omitted because of lack of 
data. Omission of variables, however, does not necessarily bias the 
estimated parameters, unless the omitted variables are correlated with 
the included variables. Griliches^ has shown that the specification 
error resulting from the omission of variables depends on the cor­
relation between the omitted variable and the variables included in 
the function. The estimated coefficients will thus be biased upwards, 
downwards, or will have no bias according as the correlation is 
positive, negative, or zero with the omitted variable.
5. Griliches (1957), pp.2-20.
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During the last two decades various economists have expressed 
views regarding the omission of the management factor from the pro­
duction process. In some instances attempts have been made to include 
management variables directly, for example, the number of years 
schooling has been used as a management proxy. In this study, the 
management factor is treated as an omitted variable. At this stage, 
it is not known exactly whether the omitted variable, that is, the 
management factor, is correlated with any of the included variables. 
However, for the reason that the better managers usually tend to use 
more of most inputs and consequently derive higher output, the 
omitted factor may have a positive correlation with some or all of 
the included variables. Accordingly, the estimated production 
coefficients could be expected to be biased upward to some extent.
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CHAPTER 3
FRONTIER PRODUCTION FUNCTION
The average production function was discussed in Chapter 2. 
Such a function would be appropriate if one wished to estimate the 
average output level which an average farm could obtain from a given 
set of inputs. To estimate the maximum productive capacity of an 
industry, plant, or a firm, a frontier function has been suggested as 
the most appropriate form. The frontier function is so defined that 
it expresses the maximum product obtainable from the combination of 
factors at the existing state of technical knowledge.'*' The purpose 
of this chapter is to provide a framework for a better understanding 
of efficiency and then to discuss the estimation of a frontier function. 
Finally the construction of an efficiency index of the individual farms 
relative to the estimated frontier will be discussed.
3.1 Review of Past Work
In 1957, Farrell proposed a measure of productive efficiency 
for processes involving multiple inputs. He illustrated the appli­
cation of his method on the aggregated agricultrual data of the (then)
48 States of the United States. Since then, further studies on 
efficiency measures have been carried out. Examples of studies that 
focus on technical efficiency are those of Mundlak (1961), Nerlove 
(1965), Seitz (1970), Solow (1959) and Timmer (1970) and on price 
efficiency are those of Hopper (1965), Yotopoulos (1967),and Lau and 
Yotopoulos (1971, 1973).
1. Carlson (1956), pp.14-15.
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Farrell's approach is directed towards the estimation of an
efficient production function from observations of inputs and output
of a number of firms. For simplicity, the approach will be illustrated
for the two inputs, one output case. Under the assumption of constant
returns to scale, each firm can be represented by a point in an input-
input space as shown in Figure 3 (page 36). Each observation
represents the input combination used by a single firm to produce one
unit of output. There will be as many dots in the diagram as the
number of firms under consideration. The efficient production function
can be specified in the form of a unit isoquant and the problem thus
reduces to estimating such an efficient isoquant from the scatter
diagram. Given the assumptions that the isoquant is convex to the
origin and has nowhere a positive slope, the curve AB in Figure 3
represents the most pessimistic estimate of the desired efficient
isoquant. Here the pessimistic isoquant is based on the most efficient
actual performances in the sample. We call the frontier pessimistic
since additional observations will either be inefficient and so leave
the envelope unaffected or will be more efficient and, thus, move the
2envelope towards the origin. The curve AB can also be viewed as the 
locus of the various combinations of input factors that a technically 
efficient firm might use to produce unit output. The position of the 
curve AB is such that no observation lies between this and the origin, 
which means no firm could produce a unit output with a combination of 
inputs that lie to the south-west of the estimated frontier.
Farrell constructs the efficiency index for the individual 
firms with respect to this frontier. All those firms which operate 
at the production frontier are said to be 100 per cent technically
2. Bressler (1967), p.130.
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FIGURE 3
PRODUCTIVE EFFICIENCY
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efficient. All those above AB are technically inefficient. In this 
context the firms represented by the points C, D, E, F and G in the 
figure are 100 per cent technically efficient, for they all lie on 
the frontier but those represented by P or Q are inefficient as they 
lie above the frontier. The degree of technical inefficiency of the 
firm P is defined as the ratio of the distance between the origin 
and the point D to the distance between the origin and the point P. 
Similarly, the technical inefficiency of the firm Q is given by the 
ratio OE to OQ. Thus, each firm will have a technical efficiency of 
1 or less. The technical efficiency index represents the proportion 
to which all inputs could be reduced if production were carried on 
with the same factor proportions but at the efficient level.
3.2 Economic Efficiency
Economic efficiency consists of two components: technical
efficiency and price efficiency. A firm is economically efficient if 
it is both technically efficient and price efficient. Failure in 
economic efficiency may be due to failure in technical efficiency 
and/or price efficiency. In this context, if KK’ represents the 
isocost line in Figure 3, the firms represented by C, D, F and G 
are not economically efficient, though they are technically efficient. 
These firms are not economically efficient because they all fail to 
be price efficient, that is, they use factors in the wrong proportions. 
The point E is both technically and price efficient as the isocost line 
KK’ is tangent to the efficient unit isoquant AB at E. The degree of 
price inefficiency of point D may be measured by the ratio OR to OD. 
Thus, we see that the technical efficiency is measured relative to the 
frontier, whereas the price efficiency is measured relative to the
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isocost line. Once these two components of efficiency are obtained
the economic efficiency of point P can be measured by the ratio OR
to OP which is the product of the two separate efficiencies, i.e.,
OR = OR OD 
OP OD * OP *
The technical efficiency of a firm is defined in relation 
to a set of firms from which the frontier is estimated. Introduction 
of new observations may sometimes reduce but cannot increase the 
technical efficiency of a given firm. On the other hand, the price 
efficiency is comparatively more sensitive to additional observations 
and also to errors in factor prices. From Figure 3, it is clear that 
the price efficiency of P depends on (i) the slope of the isoquant AB 
at E, (ii) its curvature between D and E, and (iii) the slope of the 
isocost line KK'. Introduction of new observations is most likely to 
change the slope of AB and also the curvature between D and E, while 
the errors in factor prices is likely to change the slope of KK1.
Thus it is probable that estimated price efficiency may be more 
unstable than estimated technical efficiency. For these reasons, 
Farrell (1959, pp.260-61) recommends the suggested measure of price 
efficiency only in cases where many observations and accurate price 
information are available. In view of the unavailability of accurate 
price data, it was decided not to measure price efficiency.
Prior to 1957, most of the production functions were fitted 
by regression methods. All the functions so fitted are, in a sense, 
the average production functions. In this light, Farrell's approach 
of estimating the efficient production function through the efficient 
isoquant can be considered a pioneering work in production studies. 
Though this approach seems to generate a function that corresponds to 
the theoretical ideal production function, it is not completely free
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from criticism. Worthy of special mention are the following:
1) Bressler (1967, p.136) has criticised Farrell’s approach
on the grounds that it disregards the information available 
in the vast majority of observations and uses only the 
'’marginal" observations, that is, those on the frontier. 
Sturrock, while commenting on the original article of 
Farrell (1957, p.285), makes a similar point:
"If a large sample is used, individual results 
may be freakish. Not only are there errors but 
there are chance variations that have nothing to 
do with efficiency. Every business has good 
years and bad years depending on the state of 
the market, chance variation in prices and other 
factors over which the manager has no possible 
control. To call only these freakishly good 
results ’100 per cent efficient' would result in 
hanging the carrot too high and the donkey would 
be discouraged. It would be better to have 
either ’average results’ or ’premium results’
(say the average of the upper 10 or 20 per cent)."
However, the estimation procedure which takes account of 
all observations will be adopted in this study.
2) The assumption of constant returns to scale has been 
criticised by Nerlove (1965, p.90) and others. A 
subsequent article by Farrell and Fieldhouse (1962) has 
met this criticism.
3) Hall and Winsten (1959, p.85) are of the view that 
Farrell’s measure neglects differences in the environment 
of different firms compared. In principle this is not a 
problem if the different environments can be quantified 
and included in the production function.
Later in 1968, Aigner and Chu developed a mathematical 
programming method which is more general. This is a modified and 
improved version of Farrell’s method of estimating the frontier 
function. It operates in input-output space, as contrasted to 
input-input space introduced by Farrell. Its relative superiority 
over Farrell's method can be justified on the ground that it 
utilises all the information contained in the data, and the assumption 
of constant returns to scale need not be made. The Aigner and Chu 
method obtains the frontier function using all information by fitting 
single sign "least lines" by linear programming technique. The 
assumptions embodied in this approach are (i) that the disturbances 
are of one sign, i.e., the observed points in the production space 
lie on or above the frontier only, (ii) that errors of measurement in 
all variables are negligible, and (iii) that all the differences in 
technical efficiency are included in the disturbance term. The Aigner 
and Chu method has been chosen for this analysis.
3.3 Estimation Procedure
Consider the Cobb-Douglas functional form, linear in logarithm, 
given by (2.3).
The problem at hand is to obtain an estimate of (2.3) in 
accordance with the assumptions made above. The production function 
(2.3) should be estimated, such that -
in a
E 3. x. . = Y. > Y. ............ (3.1)
i=0 1 J J
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where,
^ij ant* are as defined in Chapter 2.
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Here, it should be recognised that only the "efficient" farms satisfy 
the final equality - all others have a smaller actual output than 
would be achieved if they, too, were efficient by the standards of the 
estimated production function.
Since the error terms are assumed to lie only on one side 
of the frontier, the linear programming technique can be used to 
estimate the desired frontier by considering the linear sum of errors 
as its objective function. As the data are subject to observation 
errors, our aim is to estimate the frontier function by minimising the 
sum of residuals as a linear loss function,
i.e., minimise -
n m ~
Z E. = Z Z 3 X - Z Y.
j=! J J-l i-0 1 1J j=l J
(3.2)
subject to -
z 3. X. . £ Y.
i=0
and
i ij j
3. >. 0 l
(3.3)
Now since the sum E Y. remains constant for a particular set of
3=1 J
data, minimising (3.2) is the same as minimising -
n m
Z Z 3. X.. 
j-l i-0 1 1J
(3.4)
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Dividing (3.4) by the number of farms n, we get -
m /v
I 8t X
i=0
(3.5)
where,
1 n 
- E X  
n j=l ij
and X = 1
The problem now reduces to minimising (3.5) subject to the 
linear constraints (3.3), 
i.e., we minimise the objective function,
E 3. x = 3 + 3 x + $ x + -- + 3 x. l l 0 1 1  2 2  m mi=0
(3.6)
subject to the linear constraints,
ß0 + ß, xu  + ß2 x21 +
e0 + ßl X12 + e2 x22 +
ß0 + ß, X + S2 x 2j +
A A
3rt + 3. x, + 3n x„ +0 P1 In p2 2n
and
+ 3 X >✓ Y- m ml 1
+ Xm2 » Y2
+ ß X .m mj j
+ 3 X Yn m mn
> 0 
> 0 
^ 0
(3.7)
>> 0
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For a given number of n farms and m factors of production, 
the whole problem may be written in matrix form as follows: 
minimise,
V E  = H'CXg-Y) (3.8)
where,
Y X 3 + E and V
nxl nx(nrKL) (m+l)xl nxl lxn
[1,1,---,1]
subject to,
and
X ß ^ Y
3 > 0
(3.9)
Thus, the estimated frontier function, as desired, would be
E 3. X.. + E
i=0 i ij j
(3.10)
or,
X3 + E (3.11)
in the matrix form.
Here, 3^s are the estimated parameters obtained by using linear 
programming technique. Equation (3.10) or (3.11) represents the 
efficient production frontier. The estimate obtained from either 
equation indicates the output level (in the log form) which only the 
efficient farms can obtain from a given set of inputs.
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3.4 Measurement of Technical Efficiency
Once the frontier function is estimated, the efficiency 
index is calculated relative to this frontier.
The index of technical efficiency =
7^ -  = Antilog of (Y. - Y.)y . J J
J
(3.12)
where Y is the log of the observed output of the j farm and
Y.
J i=0 ei xij
The efficiency index can be best described by a diagram
which is shown on page 45. Figure 4 shows a production function in
isoquant space with non-constant returns to scale, which means that
all isoquants should be drawn, rather than only the unit isoquant.
These isoquants are efficient, in the sense that they are derived
from the frontier production function in input-output space using
the Aigner and Chu method. Farm Q' uses f^ amount of the first input
and f2 amount of the second input to produce 2 units of output. But
the quantities of both the inputs used by Q' should be sufficient to
produce an output of 3 units if Qf were efficient. Thus its degree
2 3of inefficiency is —  = 0.67.
3. Timmer (1970) has dealt with this aspect in more detail.
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FIGURE 4
EFFICIENCY INDEX
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CHAPTER 4
EMPIRICAL PRODUCTION FUNCTIONS
In the two previous chapters, the theoretical aspects 
of the average and frontier production functions were discussed.
In this chapter, an analytical discussion of the empirical production 
functions is presented. The chapter is divided into two parts. The 
first part deals with the statistical interpretation of the average 
estimates and the second part with that of the frontier estimates.
4.1 Average Production Function
Two production functions, one for wheat and one for paddy, 
were estimated by fitting a Cobb-Douglas functional form to 138 cross- 
sectional sample farms of the Rupandehi district.
4.1.1 Production Elasticities
The estimated coefficients and the related statistics 
are summarised in Table 8. The individual production elasticities 
were tested by a two-tailed t-test. In the case of wheat the pro­
duction coefficients for human labour and seed were significant 
at the 5 per cent probability level and those of manure and land at 
ths 2 and 10 per cent level respectively. However, the estimated 
coefficient for animal labour was insignificant. In the case of 
paddy the coefficients of land and human labour were significantly 
different from zero at 1 per cent, and in the case of seed at 
5 per cent. Once again the coefficient estimated for animal 
labour was insignificant and in this instance the coefficient was 
estimated to be negative.
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TABLE 8
PRODUCTION COEFFICIENTS FOR WHEAT AND PADDY
Wheat Paddy
Input
Coefficients t-values Coefficients t-values
Land 0.2315**"
(0.133)
1.75 0.6144*
(0.158)
3.89
Human Labour ***0.4343
(0.204)
2.13 - 0.3720*
(0.132)
2.83
Animal Labour 0.0789
(0.191)
0.41 -0.1735
(0.146)
-1.19
Seed ***0.2561
(0.114)
2.26 * ***0.1894
(0.083)
2.28
Organic Manure **0.1195
(0.047)
2.55- 0.0597
(0.037)
1.60
Overall Intercept 0.1257 0.6831
R2 0.8342 0.9512
F-ratio 81.53 514.12
No. of observations 87 138
Figures in parentheses indicate the standard errors of the estimates.
■k Significant at 1 per cent probability level.
& Ä Significant at 2 per cent probability level.
Significant at 5 per cent probability level.
+ Significant at 10 per cent probability level.
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In production function analysis based on cross-sectional 
data, there often exists a multicollinearity problem between 
all or some of the explanatory variables. The problem of multi­
collinearity arises when some or all of the explanatory variables 
in the relation are so highly correlated, one with another, that 
it becomes very difficult, if not impossible, to disentangle 
their separate influences and obtain a reasonably precise esti­
mate of their relative effects (Johnston, 1963, p.201).
The simple correlation coefficient between the variables 
included in the production function indicates the degree of 
collinearity between them. Such coefficients in respect of 
wheat and paddy production are presented in Table 9. These 
coefficients provide sufficient evidence to believe that multi­
collinearity is a problem for these estimated functions. Under 
these circumstances, Heady and Dillon (1961, p.136) have 
suggested that the highly correlated variables be omitted when 
the correlation coefficients are greater than 0.8.
As the animal labour coefficient was insignificant and 
this variable was highly correlated with land and human labour, 
it was omitted from both functions. Some of the human labour 
is used in fixed proportions to animal labour. One man work 
day accompanies one animal pair work day. Accordingly, the 
labour input was adjusted to be the net of the man-days associated 
with the use of each animal pair in field preparation. With this 
newly defined labour input, thereafter known as the net human 
labour, and the other three factors (exclusive of animal labour), 
the functions were re-estimated. The new sets of estimated 
parameters are presented in Table 10 and the corresponding 
correlation coefficients between the included variables are shown
in Table 11.
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TABLE 9
SIMPLE CORRELATION COEFFICIENTS BETWEEN SELECTED VARIABLES
CROP L HL AL S F Q
L 1.0000
HL 0.9380 1.0000
AL 0.9517 0.9427 1.0000
WHEAT
S 0.8665 0.8593 0.8763 1.0000
F 0.3122 0.3251 0.2937 0.3362 1.0000
Q 0.8826 0.8842 0.8737 0.8465 0.4114 1.0000
L 1.0000
HL 0.9796 1.0000
AL 0.9910 0.9800 1.0000
PADDY
S 0.9692 0.9469 0.9635 1.0000
F 0.8151 0.8247 0.8165 0.7941 1.0000
Q 0.9720 0.9634 0.9637 0.9519 0.8175 1.0000
L - Land
HL - Human Labour
AL - Animal Labour
S - Seed
F - Fertilizer
Q - Output
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TABLE 10
ESTIMATED AVERAGE PRODUCTION FUNCTIONS
Wheat Paddy
Input
Coefficients t-values Coefficients t-values
Land 0.3657* 4.01 0.5870* 6.37
(0.091) (0.092)
Net Human ***0.2910 2.14 0.2286* 2.76
Labour (0.136) (0.083)
Seed 0.3052* 2.83 ***0.1845 2.24
(0.108) (0.082)
1 Organic Manure
**
0.1154 2.45 0.0614+ 1.671 _______ (0.047) ; (0.037)
Overall Intercept
1 F-ratio
j No. of
Observations
0.6130
0.3301
100.14
87
0.9376
0.9510
645.01
138
Figures in parentheses indicate the standard errors of the estimates.
•k
Significant, at 1 per cent probability level.
kit
Significant at 2 per cent probability level.
k ' k  &
Significant at 5 per cent probability level.
Significant at 10 per cent probability level.
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TABLE 11
SIMPLE CORRELATION COEFFICIENTS BETWEEN SELECTED VARIABLES 
EXCLUDING ANIMAL LABOUR
Crop L H S F Q
L 1.0000
H 0.8613 1.0000
Wheat S 0.8665 0.7887 1.0000
F 0.3122 0.3257 0.3362 1.0000
Q 0.8826 0.8285 0.8465 0.4114 1.0000
L 1.0000
H 0.9327 1.0000
Paddy S 0.9692 0.8972 1.0000
F 0.8151 0.7981 0.7941 1.0000
Q 0.9720 0.9270 0.9519 0.8175 1.0000
L - Land
H - Net Numan Labour 
S - Seed 
F - Fertilizer
Q - Output
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Now the simple correlation coefficients, though some of which 
seem rather high in magnitude, are small in relation to the 
coefficient of multiple correlation R.^ In general, the 
production coefficients in both functions are well estimated 
and multicollinearity is probably not a serious problem at this 
stage.
The statistical interpretation of the estimated para­
meters in respect of wheat and paddy crops follows.
The coefficient of multiple determination (R1 2) measures 
the degree of goodness of fit of the production function and 
thus indicates the extent to which the input variables as a 
group contribute in explaining the output variations. In 
quantitative terms, we may say that the closer R2 is to unity, 
the better the model explains the data. As can be seen from 
Table 10, the value of R2 is quite high. The included factors 
explain the 83 and 95 per cent variations in the gross output 
of wheat and paddy respectively. The unexplained part of the 
variability in the gross output is due to other input factors 
which have not been taken into account.
The F-statistics, which is the ratio of the regression 
mean squares to the error mean squares, was used to test the 
overall significance of the fitted functions. For both functions, 
the ratio turned out to be highly significant at all plausible 
levels of significance. Thus, the null hypothesis that the 
input factors, as a whole, have no influence on the gross output 
was rejected for both crops.
1. Klein (1962, p.101) suggests that multicollinearity is not 
necessarily a problem unless it is high relative to the overall
degree of multiple correlation, R.
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In the wheat function, the coefficients of land and seed 
were significantly different from zero at the one per cent 
probability level and those of manure and the net human labour 
were significant at levels of 2 and 5 per cent respectively.
For the paddy function, the production elasticities of land and 
net human labour were statistically significant at the 1 per cent 
level, whereas the production elasticities of seed and manure 
were significant at 5 and 10 per cent levels of significance.
The production elasticities of each input indicate the 
expected percentage increase (or decrease) in the gross output 
as a result of a one per cent increase in that input, with 
other input levels held constant.
In wheat production, a one per cent increase in the land 
area would lead to a 0.37 per cent increase in the gross output. 
In other words, the output of wheat could be expected to increase 
by 36.57 per cent if the acreage under the crop is doubled. The 
production elasticity of the net human labour indicated an 
increase of 0.29 per cent in the wheat output for a one per cent 
additional use of labour days. A similar interpretation holds 
for seeds and manure coefficients.
In paddy production, the production elasticity of land 
indicated an additional increase of 0.59 per cent in the gross 
output for a one per cent increase in the land acreage. The net 
human labour coefficient showed a 0.23 per cent increase in paddy 
output for a one per cent increase in the labour days.
Similarly, a one per cent increase in each of seed and manure, 
with other input levels held constant, could be expected to 
increase the gross output by 0.18 and 0.06 per cent respectively.
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Production elasticities of various input factors clearly 
indicate that land, net human labour and seed are the most 
important inputs for crop production in the district, to which 
the wheat and paddy output are highly responsive. The 
interesting feature of these inputs is that for both crops 
they are all statistically significant and not too low in 
magnitude.
Similar findings were obtained by Saini (1969) in his 
crop production study. This analysis was based on the disaggre­
gated farm management data of a sample of farms in Uttar Pradesh 
(Meerut and Muzaffarnagar districts) and Punjab (Amritsar and 
Ferozepore districts) States of India for the years 1955-56 and 
1956-57. Saini fitted the Cobb-Douglas form of production 
function in the log-linear form. He,too, found a very high 
correlation coefficient between human and bullock labour 
especially in the Uttar Pradesh 1956-57 equation and, therefore, 
excluded the latter variable from the functions. The resulting 
estimates, exclusive of bullock labour, are presented in Table 
12.
In all the equations, production coefficients for the 
land and human labour are significant at the 1 per cent proba­
bility level and are fairly high in magnitude.
The patterns of the estimated coefficients for land, net 
human labour and manure in Table 10 are, with some minor 
exceptions, very similar to those of equation 2 in particular 
and equations 1, 3 and 4 in general.
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4.1.2 Returns to Scale
Both the functions presented in Table 10 were estimated 
from the unrestricted form of the Cobb-Douglas production 
function. The estimated regression coefficients are, therefore, 
the production elasticities, and their sum measures the returns 
to scale.
In the wheat function, the production elasticities add up 
to 1.08, while in the paddy function they add up to 1.06. These 
sums indicate that if all four factors of production were to 
increase simultaneously by one per cent, the gross output of 
wheat would increase by 1.08 per cent, and of paddy by 1.06 per 
cent.
A two-tailed t-test was used to test the null hypothesis
of constant returns to scale against the alternative hypothesis
of decreasing or increasing returns to scale. In doing so, the
sums of production elasticities were tested for their deviations
from unity. For both functions, the sum of elasticities was
statistically not different from unity even at the 10 per cent
probability level. Accordingly, the hypothesis that there are
constant returns to scale in the crop production of the Rupandehi
2district cannot be rejected.
4.1.3 Effect of Literacy
With a view to examining the effect of literacy on crop 
production, a dummy variable was introduced in both functions. 
This variable was given the value, one corresponding to all those 
farmers who could at least read and write, and zero otherwise.
The functions were then estimated by the Ordinary Least Squares 
method. The resulting estimates are presented in Table 13.
2. Krishna (1964) has drawn a similar conclusion for Punjab 
agriculture during 1955-56 and 1956-57.
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TABLE 13
ESTIMATED AVERAGE PRODUCTION FUNCTIONS WITH LITERACY DUMMY VARIABLE
Wheat Paddy
Input
Coefficients t-values Coefficients t-values
Land 0.3689*
(0.090)
4.10 0.5691*
(0.092)
6.19
Net Human Labour 0.3223
(0.135)
2.38 0.2222*
(0.082)
2.70
Seed ***0.2483
(0.111)
2.24 0.1982
(0.082)
2.41
Organic Manure **0.1186
(0.047)
2.55 0.0504
(0.037)
1.36
Literacy Dummy 
Variable
0.1417+
(0.079)
1.80 0.0816+ 
(0.046)
1.78
Overall Intercept 0.5015 1.0190
R2 Value 0.8366 0.9521
F-ratio 82.94 525.04
No. of 
Observations 87 138
Figures in parentheses indicate the standard errors of the estimates.
Significant at 1 per cent probability level.
Significant at 2 per cent probability level.
Significant at 5 per cent probability level.
Significant at 10 per cent probability level.
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For wheat all the coefficients including the literacy 
dummy variable were statistically significant, whereas for paddy, 
all but the manure coefficient were found significant. The 
antilog of the coefficients of the literacy dummy variable convert 
to 1.1523 for wheat and 1.0850 for paddy. On the assumption that 
literacy is unrelated to other factors which may include farm 
efficiency, these figures indicate the proportion by which the 
respective output could be expected to increase if all farmers 
were literate. The coefficients thus suggest a 15.23 per cent 
increase in wheat output and an 8.50 per cent increase in paddy 
output for a 100 per cent literacy rate in the district.
4.2 Frontier Production Function
In this part the frontier estimates of the Cobb-Douglas 
production function will be examined as the sample size changes. To 
gain some insight as to whether coefficients are unduly influenced by 
extreme observations, the most efficient farms are successively removed 
from the sample.
4.2.1 Frontier Coefficients
Equations 2abc and 3abcd in Table 14 represent the results 
obtained by fitting the Cobb-Douglas form of production function 
using linear programming techniques outlined in Chapter III. 
Equations 2abc are the frontier estimates for paddy aid 3abcd are 
for the wheat crop. Equations 1 and 3 are the average estimates 
in respect of paddy and wheat crops which are presented here for 
comparison purposes.
Equation 2a, labelled LP^q q , is the deterministic frontier 
function for paddy estimated from the same set of data that were 
used in estimating equation 1. The frontier looks very similar
59
TABLE 14
ESTIMATES OF THE AVERAGE AND FRONTIER COEFFICIENTS
Crop Equa­tion
Tech­
nique Constant Land
Net
Human
Labour
Seed OrganicManure
1 OLS 0.9376 0.5870 0.2286 0.1845 0.0614
2a L P ioo 1.3279 0.6071 0.2337 0.2233 -
Paddy
2b LP98 1.5033 0.5364 0.1704 0.2346 0.0904
2c LP97 1.3426 0.5840 0.1940 0.1985 0.0733
3 OLS 0.6130 0.3657 0.2910 0.3052 0.1154
3a L P ioo 0.5118 0.4202 0.4065 0.1591 0.2099
Wheat 3b LP98 0.8524 0.5061 0.2652 0.1071 0.1609
3c LP97 0.7919 0.5453 0.2463 0.0969 0.1749
3d LP95 0.5868 0.4577 0.4181 0.1350 0.1132
OLS - Ordinary Least Squares
LP - Linear Programming
60
to that of equation 1 which is an average function estimated with 
the Ordinary Least Squares method. With the exception of the 
manure coefficient, which is dropped completely from the frontier, 
the estimated coefficients are almost identical with those of the 
average function. The intercepts, however, are very different.
The antilog of the intercept of the frontier function is 47.74 per 
cent higher than that of the average function.
It is possible that the "efficient” farms may be measured 
as efficient because of errors of observation or other problems. 
With a view to assessing the possible bias arising from this 
source, suggestions put forward by Aigner and Chu (1968, p.848),
3and Timmer (1970, p.115) have been followed.
Accordingly, the first two per cent of the most efficient
farms were removed from equation 2a and the probabilistic
frontier was estimated. As the frontier was determined with
98 per cent of the observations, it is denoted by equation 2b,
labelled LP^q . The estimated coefficients looked more or less 98
similar to those of equation 1. With one per cent more of the
efficient farms removed from the data set, the resulting frontier
2c turned out with stabilized factor coefficients so close to
those of equations 1 and 2a that the differences could safely
4be considered insignificant. This suggests that the differences 
between the frontier and average production function are 
concentrated in the constant term.
3. Efficient farms might be discarded one at a time until the 
resulting estimated coefficients stabilize. The objections to 
estimating a frontier function because of data problems may be 
largely overcome in this fashion.
4. However, no formal tests of significance are available which 
could be used to check this statement.
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Technological change can be decomposed into two 
components: neutral change and non-neutral change. A neutral
change alters the production function but does not affect the 
marginal rate of substitution.^ A non-neutral change does 
affect the marginal rate of substitution.
The marginal rate of substitution computed from equation 1 
remained almost identical to those computed from 2c. In 
accordance with the above definition, the frontier function seems 
to have shifted neutrally upward from the average function.
Equation 3a, labelled LP^q q , is the deterministic frontier 
function for wheat crop estimated from the same set of data that 
was used in equation 3. In comparison to the average function 3, 
the frontier 3a indicated a rise of 14.90 per cent in the land 
coefficient, 39.69 per cent in the labour coefficient and 81.88 
per cent in manure coefficient in contrast to a fall of 47.88 per 
cent in the seed coefficient. The difference in technology 
between the average and frontier production functions for wheat 
is non-neutral since the production elasticities have been 
affected differently.
5. Considering two factors of production, say, x^ and x^, the slope 
of the tangent to a point on an isoquant gives the rate at which x 
must be substituted for x or x for x so as to maintain the 
corresponding output level constant. The slope with the negative sign 
is defined as the marginal rate of substitution (MRS). Thus, the MRS 
of x^ for x^ will be as:
MRS
3y/9x2
3y/3x1
where
y = f (x1, x2)
6. Brown (1966), p.27.
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Equations 3b and 3c represent the probabilistic frontier 
functions estimated with 98 and 97 per cent observations; that is, 
they were estimated with 2 and 3 per cent of the efficient farms 
removed from equation 3a. A significant difference is observed 
in the intercept and factor coefficients of equation 3c over 
equation 3a. The intercept and the land coefficient have increased 
but others have decreased considerably. Five per cent of all the 
efficient farms were discarded and once again the probabilistic 
frontier was re-estimated with the remaining 95 per cent 
observations. The factor coefficients of the resulting frontier 
(equation 3d) are, with the exception of manure, nearly 
identical to those of equation 3a.
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CHAPTER 5
TECHNICAL EFFICIENCY OF THE FARMERS
This chapter is concerned with the estimated technical 
efficiency of the individual farms in paddy and wheat production.
A comparative analysis of the efficiency vector derived from the 
average production function and the efficiency vector derived from 
the frontier production function is presented for paddy and wheat 
crops separately.
5.1 Efficiency Ratings
For each crop two different vectors of technical efficiency 
have been generated from the production function results of Table 14. 
Efficiency indices were calculated using equation (2.9) for the 
average production function and equation (3.12) for the frontier 
production function. The resulting efficiency factors are presented 
in Tables 15 and 16 along with rankings for each index. The farm 
with the highest efficiency rating was assigned rank 1. Tied 
efficiencies were assigned the average of the tied ranks.
Columns 2 and 4 of Table 15 present the efficiency indices 
for paddy. These are derived from equations (1) and (2a) of Table 14. 
Table 16 presents the efficiency indices for wheat production. These 
are derived from equations (3) and (3a) of Table 14. The efficiency 
indices are the ratios of actual output to the level of output derived 
from all production functions.
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TABLE 15
TECHNICAL EFFICIENCY IN PADDY PRODUCTION
Farm No.
AVERAGE FUNCTION FRONTIER FUNCTION
Efficiency
Rating Rank
Efficiency
Rating Rank
1 .7477 130.0 .5012 130.0
2 .8678 106.0 .5764 110.0
3 1.1526 38.0 .7682 42.0
4 .9363 84.0 .6329 87.0
5 1.2494 27.0 .8053 34.0
6 1.0298 56.0 .6961 58.0
7 .9125 92.0 .6168 95.0
8 .9457 80.0 .6482 77.0
9 .8769 99.0 .6055 98.0
10 1.1566 37.0 .7749 41.0
11 1.3314 11.0 .9035 11.0
12 1.2129 31.0 .8299 30.0
13 1.2993 18.0 .8572 23.0
14 .7191 132.0 .4899 132.0
15 1.0346 55.0 .7176 54.5
16 .8807 98.0 .5939 102.0
17 .7952 121.0 .5129 127.0
18 .9591 73.0 .6380 84.0
19 .8701 102.0 .5944 100.0
20 .9573 75.0 .6404 82.0
21 1.0098 58.0 .6817 63.0
.5835 .3942 ,Jt38.(p
23 .9338 85.0 .5714 113.0
24 .8645 107.0 .5790 108.0
25 1.3188 12.0 .8653 19.0
26 1.2927 19.0 .8428 28.0
27 .9334 86.0 .5929 103.0
28 .9480 79.0 .6213 93.0
29 .9456 81.0 .6558 70.0
30 .9737 67.0 .6507 76.0
31 .9703 69.0 .6829 62.0
32 1.3764 5.0 .9135 8.0
33 .8319 116.0 .5377 122.0
34 .7111 133.0 .4515 136.0
35 .9420 82.0 .6556 71.5
1.4956 1.0000 2.5
37 .8498 110.0 .5786 109.0
38 .9589 74.0 .6709 67.0
39 1.0078 59.0 .6779 66.0
40 1.3508 9.0 .8853 17.0
41 1.3080 15.0 .8500 26.0
42 1.1456 41.0 .7945 36.0
43 1.2498 26.0 .8641 20.0
44 .8215 117.0 .5136 126.0
45 .96 71 70.0 .6412 81.0
46 1.2825 21.0 .8201 32.0
47 1.2760 22.0 .8618 21.0
48 1.1521 39.0 .8218 31.0
49 .6771 134.0 .4426 137.0
TABLE 15 (continued)
Farm No.
AVERAGE FUNCTION FRONTIER FUNCTION
Efficiency
Rating Rank
Efficiency 
Rating Rank
50 1.1983 33.0 .8578 22.0
51 1.0003 62.0 .6835 61.0
52 1.3013 17.0 .8845 18.0
53 1.1188 44.0 .7752 40.0
54 1.0834 52.0 .7630 45.0
55 1.3640 7.0 .9623 6.0
56 1.1586 36.0 .7890 37.0
57 1.3157 13.0 .9110 10.0
58 1.2672 23.0 .8882 16.0
59 .8884 97.0 .6288 89.0
60 1.1833 35.0 .8138 33.0
61 1.4695 3.0 1.0000 2.5
62 1.2572 24.0 .8371 29.0
63 .9593 72.0 .6532 73.0
64 .9551 76.0 .6477 78.0
65 .9215 88.0 .6415 80.0
66 1.2044 32.0 .7865 38.0
67 1.0634 54.0 .7318 52.0
68 .6636 137.0 .4712 133.0
69 .8108 120.0 .5490 119.0
70 1.3580 8.0 .8946 13.0
71 .9306 87.0 .6574 69.0
72 .8443 112.0 .5467 121.0
73 .8983 96.0 .6067 97.0
74 .9867 64.0 .6371 85.0
75 1.1133 46.0 .7294 53.0
76 .8753 100.0 .6008 99.0
77 .7908 123.0 .5147 124.0
78 .7932 122.0 .5128 128.0
79 1.1137 45.0 .7397 51.0
80 .8160 119.0 .5503 118.0
81 .8683 105.0 .5940 101.0
82 1.4714 2.0 1.0000 2.5
83 .9172 89.0 .6255 90.0
84 1.0075 60.0 .6517 75.0
85 .8601 108.0 .6300 88.0
86 .9018 94.0 .6221 92.0
87 .8742 101.0 .5888 105.0
88 .7359 131.0 .4942 131.0
89 1.1200 43.0 .7826 39.0
90 .6765 135.0 .4574 135.0
91 .7807 126.0 .5137 125.0
92 .6655 136.0 .4691 134.0
93 .7868 124.0 .5512 117.0
94 .8560 109.0 .5675 115.0
95 .8688 104.0 .5906 104.0
96 1.1252 42.0 .7513 50.0
97 .9605 71.0 .6330 86.0
98 1.0025 61.0 .6903 59.0
99 1.3450 10.0 .8932 14.0
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TABLE 15 (continued)
AVERAGE FUNCTION FRONTIER FUNCTION
Farm No. Efficiency
Rating Rank
Efficiency
Rating Rank
100 .9148 90.0 .6392 83.0
101 .8432 113.0 .5861 106.0
102 .7631 128.0 .5111 129.0
103 1.0802 53.0 .7523 49.0
104 1.2409 28.0 .8565 24.0
105 1.2529 25.0 .9116 9.0
106 1.0976 48.5 .7651 44.0
107 1.1488 40.0 .7666 43.0
108 .9994 63.0 .7171 56.0
109 1.0983 47.0 .7548 47.0
110 .8359 114.0 .5748 112.0
111 .8466 111.0 .5581 116.0
112 1.3105 14.0 .8894 15.0
113 1.2333 30.0 .8533 25.0
114 .9835 65.0 .6556 71.5
115 1.2857 20.0 .9028 12.0
116 1.0208 57.0 .7176 54.5
117 .9707 68.0 .6523 74.0
118 .8340 115.0 .5796 107.0
119 1.2381 29.0 .8454 27.0
120 1.3047 16.0 .9260 7.0121 1.1861 34.0 .7980 35.0
122 .9005 95.0 .6442 - 79.0
123 .9413 83.0 .6848 60.0
124 1.0976 48.5 .7529 48.0
125 1.0842 51.0 .7048 57.0
126 .9829 66.0 .6792 64.0
127 .8163 118.0 .5756 111.0
128 .9516 77.0 .6783 65.0
129 .8695 103.0 .6088 96.0
130 1.4512 4.0 1.0000 2.5
131 .7646 127.0 .5489 120.0
132 .9030 93.0 .6206 94.0
133 .7510 129.0 .5219 123.0
134 1.3752 6.0 .9631 5.0
135 .9139 91.0 .6232 91.0
136 1.0851 50.0 .7594 46.0
137 .9509 78.0 .6685 68.0
138 .7826 125.0 .5681 114.0
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5.2 Technical Efficiency in Paddy Production
Setting the average efficiency level equal to unity, the 
estimated efficiency index in paddy production varied from a minimum 
of 0.5835 to a maximum of 1.4956. These values suggest that the best 
farm could obtain a 50 per cent higher output of paddy than the 
average farm which, in turn, could attain 42 per cent more output 
than the worst farm. Out of 138 sample farms producing paddy,
44.93 per cent had an efficiency level above the average, while the 
remaining 55.07 per cent had an efficiency level below it.
As regards the frontier function, the efficiency index varied 
from 0.3942 to 1.00. There are four farms which had the highest 
efficiency level of 1. Altogether, one-quarter of the farms had a 
measured technical efficiency within 20 per cent of the frontier 
function. The least efficient farm (Farm No.22 in Table 15) was 
60 per cent away from the frontier. In other words, for a given 
level of inputs, the most efficient farm produced 60 per cent more 
output of paddy than the least efficient farm. It is obvious from 
this statistic that further research must be undertaken as to the 
true meaning of these "efficiency indices" and how they might be 
affected by government policy. For example, if these indices largely 
reflect differences in land quality then government action would not 
be needed. If the differences reflect differences in farm practices 
then much might be gained by diverting resources towards farm 
extension work.
5.3 Technical Efficiency in Wheat Production
Setting the average efficiency as unity, the estimated 
efficiency index in wheat production varied from 0.5560 to 1.8666.
TABLE 16
TECHNICAL EFFICIENCY IN WHEAT PRODUCTION
AVERAGE FUNCTION FRONTIER FUNCTION
E f f i c i e n c y
R a t i n g
Rank E f f i c i e n c yR a t i n g Rank
1 1 .0 5 8 5 4 0 . 0 .6594 3 6 . 0
2 1 . 1 1 0 0 3 2 . 0 .5787 5 3 . 0
3 1 .2 1 8 2 2 2 . 0 .7177 2 7 . 0
4 1 .1538 2 7 . 0 .7922 1 9 . 0
5 1 .4 1 6 8 1 2 . 0 .9326 8 . 0
6 1 . 1 2 4 6 3 0 . 0 .7332 2 6 . 0
7 .9154 5 7 . 0 .5538 5 6 . 0
8 1 .8 5 6 0 2 . 0 1.0000 3 . 0
9 1 . 1 5 5 5 2 6 . 0 .6126 4 7 . 0
10 1 .7 1 8 2 4 . 0 1.0000 3 . 0
11 1 .4 9 0 5 1 0 . 0 .8893 1 3 . 0
12 .7771 6 8 . 0 .4166 7 5 .0
13 1 .8 6 6 6 1 . 0 1.0000 3 . 0
14 .5753 8 5 . 0 .3748 8 2 . 0
15 1 .3 2 2 1 1 6 . 0 .6862 2 9 . 0
16 1 .1 6 3 2 2 5 . 0 .7467 2 4 . 0
17 .8886 5 9 . 0 .6055 4 8 . 0
18 1 .0 9 6 4 3 4 . 0  ! .6 8 1 9 3 2 . 0
19 1 .0 4 5 9 4 2 . 0 .6017 4 9 . 0
20 .8289 6 3 . 0 .4 7 5 1 6 7 . 0
21 .6397 8 1 . 0 .3386 8 4 . 0
22 1 .0 1 9 8 4 5 . 0 .5 5 1 6 5 7 . 0
23 .9 8 9 8 4 7 . 0 .6502 3 9 . 0
24 1 .6 0 6 1 5 . 0 .8 8 5 8 1 4 . 0
25 .9 3 9 0 5 6 . 0 .6782 3 3 . 0
26 1 .5 1 7 1 8 . 0 1.0000 3 . 0
27 .8788 6 0 . 0 .5 9 7 4 5 2 . 0
28 1 . 2 8 7 2 1 9 . 0 .7905 2 0 . 0
29 .9542 5 4 . 0 .5085 6 1 . 0
30 .9717 4 9 . 0 .5015 6 2 . 0
31 .6918 7 5 . 0 .4 6 3 1 7 0 . 0
32 1 .0 6 1 2 3 9 . 0 .6 0 0 0 5 0 . 0
33 .9707 5 0 . 0 .5657 5 4 . 0
34 1 . 0 6 4 5 3 8 . 0 .6 1 6 0 4 6 . 0
35 .6 6 1 5 7 9 . 0 .4 2 9 5 7 3 .0
36 1 .0 4 2 9 4 4 . 0 .7 8 7 7 2 2 . 0
37 .7779 6 7 . 0 .4 7 6 3 6 6 . 0
38 .9874 4 8 . 0 . 5 2 2 0 6 0 . 0
39 1 .3 0 1 6 1 8 . 0 .8106 1 7 . 0
40 1 .7 8 1 0 3 . 0 .9967 7 . 0
41 1 .0 5 0 9 4 1 . 0 .6 6 1 4 3 5 . 0
42 1 .1 4 2 6 2 9 . 0 .6 8 4 8 3 1 . 0
43 .8304 6 2 . 0 .5567 5 5 . 0
44 .6804 7 7 . 0 .4524 7 1 . 0
45 .7299 7 1 . 0 .4 2 6 1 7 4 . 0
46 1 .4 9 3 6 9 . 0 .8988 1 1 . 0
47 1 .1 4 9 0 2 8 . 0 .6 9 0 8 2 8 . 0
48 .9703 5 1 . 0 .6 8 6 0 3 0 . 0
49 .8168 6 4 . 0 .4947 6 4 . 0
50 .9915 4 6 . 0 .6 3 4 8 4 2 . 0
51 .7748 6 9 . 0 .4 6 6 4 6 8 . 0
52 1 .0 8 4 8 3 7 . 0 .6365 4 1 . 0
53 1 .1 9 5 8 2 3 . 0 .7895 2 1 . 0
54 .6816 7 6 . 0 .4782 6 5 . 0
55 .8 1 3 8 6 5 . 0 .4 9 6 0 6 3 . 0
56 1 .0 9 9 3 3 3 . 0 .6 6 8 0 3 4 . 0
57 1 .4 3 2 8 1 1 . 0 .9234 1 0 . 0
58 1 .3 2 5 2 1 5 . 0 .9275 9 . 0
59 1 .0 4 4 7 4 3 . 0 .6572 3 7 . 5
60 .6 7 1 1 7 8 . 0 .3863 7 9 . 0
61 .5 8 4 1 8 3 . 0 .3 4 2 5 8 3 . 0
62 .7 3 3 6 7 0 . 0 .3976 7 7 . 0
63 .5934 8 2 . 0 .3 1 1 1 8 7 . 0
64 .7 0 4 5 7 4 . 0 .4 3 1 5 7 2 . 0
65 .9 0 2 3 5 8 . 0 .5983 5 1 . 0
66 1 .2 5 7 6 2 1 . 0 .6572 3 7 . 5
67 .9427 5 5 . 0 .5 4 3 0 5 8 . 0
68 .5722 8 6 . 0 .3144 8 6 . 0
69 1 .4 1 0 0 1 3 . 0 .9 9 8 9 6 . 0
70 .7825 6 6 . 0 .4635 6 9 . 0
71 1 .5 3 7 1 6 . 0 ! 1 .0000 3 . 0
72 1 .5 2 4 6 7 . 0 .8280 1 5 . 0
73 .5 5 6 0 8 7 . 0 .3249 8 5 . 0
74 .9623 5 3 . 0 .6219 4 5 . 0
75 .7234 7 3 . 0 .3796 8 0 . 0
76 .8 5 4 9 6 1 . 0 .5 3 1 3 5 9 . 0
77 .7 2 7 1 7 2 . 0 .4 1 6 5 7 6 . 0
78 1 .1 2 1 1 3 1 . 0 .7407 2 5 . 0
79 .6598 8 0 . 0 .3936 7 8 . 0
80 1 . 0 9 2 2 3 5 . 0 .6461 4 0 . 0
81 .5775 8 4 . 0 .3769 8 1 . 0
82 1 .1 8 1 5 2 4 . 0 .7831 2 3 . 0
83 1 .2 6 7 1 2 0 . 0 .8 1 9 1 1 6 . 0
84 9616 5 2 . 0 .6255 4 3 . 0
85 1 .3 5 3 8 1 4 . 0 .8 8 9 4 1 2 . 0
86 1 . 0 8 8 9 3 6 . 0 .6245 4 4 . 0
87 1 .3 1 1 8 1 7 . 0 .7 9 5 3 1 8 .0
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With a given set of inputs the best farm could therefore produce an 
87 per cent higher output than the average farm which, in turn, could 
produce 44 per cent more output than the worst farm. Of 87 farms 
producing wheat, 51.72 per cent were operating above the average 
production level and 48.28 per cent below the average.
In the case of frontier function, the estimated efficiency 
index varied from a minimum of 0.3111 to a maximum of 1.00. Five 
farms were found to have operated exactly on the frontier. The index 
further suggested that 19.54 per cent of farms, inclusive of the five 
most efficient farms, had technical efficiency within 20 per cent of 
the frontier function. The least efficient farm (Farm No.63 in 
Table 16) was, however, 68.89 per cent away from the frontier. For a 
given set of inputs, therefore, the least efficient farm produced 
68.89 per cent less output of wheat than the most efficient farms.
5.4 Efficiency Comparison between Paddy and Wheat Production
The technical efficiency of the various farms in paddy 
production can be compared with those in wheat production. On 
comparison the following differences were observed.
For a given set of inputs, the best farm in paddy production 
produces 50 per cent more output than the average paddy farm. The 
best farm in wheat production obtains 87 per cent more output than 
the average wheat farm. There is no significant difference, however, 
between the relationship of the average to the worst farm in both 
crops. From these results it appears that farmers of the Rupandehi 
district follow more similar practices in paddy than in wheat pro­
duction .
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The percentage of farms having technical efficiency within 
20 per cent of the frontier function is higher for paddy than for the 
wheat crop. In the same way, the least efficient farm in paddy pro­
duction is 60 per cent away from the frontier, whereas it is nearly 
69 per cent away from the frontier for the wheat crop. These results 
suggest that there is a greater dispersion of efficiency for wheat 
production than for paddy production.
5.5 Comparison of the Efficiency Ratings from the Average and 
the Frontier Production Function
With a view to examining the relationship between the 
efficiency vector derived from the average production function and 
the efficiency vector derived from the frontier production function, 
the Spearman rank correlation coefficient-(rg) between the corresponding 
sets of rankings was calculated. A t-test was then used for testing 
the significance of rg. The calculated value of the t-statistic and 
the related statistics for both the crops are shown in Table 17.
TABLE 17
TEST STATISTICS BETWEEN AVERAGE AND FRONTIER EFFICIENCY RATINGS
CROP
Paddy Wheat
Spearman Rank Correlation 
Coefficient 0.9824 0.9524
Value of t-statistic 61.2938 28.8015
Degrees of Freedom 136 85
No. of Observations 138 87
1. The formulae for computing Spearman rank correlation coefficient 
and t-statistic are presented in Appendix I.
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From Table 17, it is evident that the calculated value of 
t for both the crops is highly significant at all plausible levels 
of significance. The nyll hypothesis that the two sets of efficiency 
indices have zero correlation in the population was thus rejected in 
favour of H^. Acceptance of the alternative hypothesis means that 
there exists some sort of relationship between the two sets of 
efficiency ratings. The Spearman correlation coefficient further 
suggests the presence of a strongly positive correlation between the 
two sets of rankings. Furthermore, the frontier ratings were plotted 
against the average ratings for paddy and the wheat crop separately.
The resulting graphs are shown in Figures 5 and 6 respectively. Both 
the figures clearly indicate the existence of an almost perfect linear 
relationship between the average and the frontier efficiency ratings. 
This evidence leads us to infer that the farms which are efficient in 
relation to average practices are also efficient relative to the best 
possible practices. For this sample, at least, it would appear largely 
irrelevant whether efficiency ratings are calculated relative to the 
average or the frontier production function.
We now turn to the following question: Among those farms
that produce both paddy and wheat, is efficiency in paddy production 
related to efficiency in wheat production?
With a view to examining this question, the average and 
frontier production functions were re-estimated for those farmers who 
had produced both crops. The estimated coefficients are shown in 
Table 18. The coefficients in equations 3 and 4 are the same as 
those of equations 3 and 3a of Table 14. The efficiency ratings 
derived from equations 1 and 3 are presented in Table 19 and the 
indices derived from those of equations 2 and 4 are shown in Table 20.
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TABLE 19
EFFICIENCY COMPARISON BETWEEN PADDY AND WHEAT - AVERAGE FUNCTION
Farm No.
PADDY WHEAT
E f f ic ie n c y  
Rat inf?
Rank E f f i c i e n c y  1
R at inf? Rank
1 .7350 8 2 .0 1 .0585 4 0 .0
2 .8531 6 6 .0 1 .1 1 0 0 3 2 .0
3 1 .1494 2 7 .0 1 .2 1 8 2 2 2 .0
4 .9371 5 1 .0 1 .1 5 3 8 2 7 .0
5 .9215 5 5 .0 1 .4 1 6 8  1 1 2 .0
6 .9035 5 8 .0 1 .1 2 4 6 3 0 .0
7 .9130 5 7 .0 .9154 5 7 .0
8 1 .3796 4 .0 1 .8 5 6 0 2 .0
9 1 .2027 2 0 .0  j 1 .1 5 5 5 2 6 .0
10 1 .2624 1 4 .0  . 1 .7182 4 .0
11 1 .0887 3 5 .0 1 .4 9 0 5 1 0 .0
12 .8923 6 1 .0 .7771 6 8 .0
13 .8177 7 4 .0 1 .8 6 6 6 1 .0
14 1 .0 3 1 6 3 7 .0 .5753 8 5 .0
15 .5853 8 7 .0 1 .3 2 2 1 1 6 .0
16 .8818 6 2 .0 1 .1 6 3 2 2 5 .0
17 .8440 6 8 .0 .8886 5 9 .0
18 1 .3427 5 .0 1 .0 9 6 4 3 4 .0
19 1 .2 5 9 1 1 5 .0 1 .0 4 5 9 4 2 .0
20 .9359 5 3 .0 .8289 6 3 .0
21 .9398 4 7 .0 .6397 8 1 .0
22 .9788 4 5 .0 1 .0 1 9 8 4 5 .0
23 1 .0 1 1 7 4 0 .0 .9898 4 7 .0
24 1 .3 3 9 4 6 .0 1 .6 0 6 1 5 .0
25 .8368 7 1 .0 .9390 5 6 .0
26 .7012 8 4 .0 1 .5 1 7 1 8 .0
27 .9935 4 2 .0 .8788 6 0 .0
28 1 .4 0 8 3 2 .0 1 .2 8 7 2 1 9 .0
29 .8514 6 7 .0 .9542 5 4 .0
30 .9381 4 9 .0 .9717 4 9 .0
31 1 .0 0 6 6 4 1 .0 .6918 7 5 .0
32 1 .4 0 1 9 3 .0 1 .0 6 1 2 3 9 .0
33 1 .2 2 3 1 1 8 .0 .9707 5 0 .0
34 1 .2 9 9 1 1 1 .0 1 .0 6 4 5 3 8 .0
35 .8403 6 9 .0 .6615 7 9 .0
36 1 .1 9 7 6 2 1 .0 1 .0 4 2 9 4 4 .0
37 1 .2 7 9 9 1 3 .0 .7 7 7 9 6 7 .0
38 1 .0 5 1 0 3 6 .0 .9874 4 8 .0
39 1 .3097 1 0 .0 1 .3 0 1 6 1 8 .0
40 1 .1 9 4 0 2 2 .0 1 .7 8 1 0 3 .0
41 1 .1 0 0 6 3 2 .0 1 .0 5 0 9 4 1 .0
42 1 .1 6 6 5 2 6 .0 1 .1 4 2 6 2 9 .0
43 1 .3 1 6 8 9 .0 .8304 6 2 .0
44 .9378 5 0 .0 .6804 7 7 .0
45 1 .2 1 9 8 1 9 .0 .7299 7 1 .0
46 1 .4 5 0 3 1 .0 1 .4 9 3 6 9 .0
47 1 .2 3 0 8 1 7 .0 1 .1 4 9 0 2 8 .0
48 .9802 4 4 .0 .9703 5 1 .0
49 .9406 4 6 .0 .8 168 6 4 .0
50 .9137 5 6 .0 .9915 4 6 .0
51 1 .1 8 8 4 2 3 .0 .7748 6 9 .0
52 1 .1 1 4 4 3 0 .0 1 .0 8 4 8 3 7 .0
53 .7064 8 3 .0 1 .1 9 5 8 2 3 .0
54 1 .3 2 9 6 8 .0 .6816 7 6 .0
55 .8366 7 2 .0 .8138 6 5 .0
56 .8807 6 3 .0 1 .0 9 9 3 3 3 .0
57 .9367 5 2 .0 1 .4 3 2 8 1 1 .0
58 1 .0 9 5 0 3 3 .0 1 .3 2 5 2 1 5 .0
59 .8162 7 5 .0 1 .0 4 4 7 4 3 .0
60 .7880 7 8 .0 .6 711 7 8 .0
61 .8385 7 0 .0 .5841 8 3 .0
62 .8956 6 0 .0 .7336 7 0 .0
63 1 .1 7 2 6 2 5 .0 .5934 8 2 .0
64 .6877 8 6 .0 .7045 7 4 .0
65 .7629 8 1 .0 .9 023 5 8 .0
66 .6987 8 5 .0 1 .2 5 7 6 2 1 .0
67 .8032 7 7 .0 .9427 5 5 .0
68 .8581 6 5 .0 5722 8 6 .0
69 1 .1 3 7 3 2 8 .0 1 .4 1 0 0 1 3 .0
70 .9805 4 3 .0 .7825 6 6 .0
71 1 .0 2 8 3 3 8 .0 1 .5 3 7 1 6 .0
72 .9341 5 4 .0 1 .5 2 4 6 7 .0
73 .8332 7 3 .0 .5 560 8 7 .0
74 .8069 7 6 .0 .9623 5 3 .0
75 1 .1 0 8 8 3 1 .0 .7234 7 3 .0
76 1 .1 7 4 5 2 4 .0 .8549 6 1 .0
77 1 .1 1 4 8 2 9 .0 .7271 7 2 .0
78 1 .3 3 3 0 7 .0 1 .1 2 1 1 3 1 .0
79 .8771 6 4 .0 .6598 8 0 .0
80 1 .2 8 8 5 1 2 .0 1 .0 9 2 2 3 5 .0
81 1 .2 3 7 6 1 6 .0 .5775 8 4 .0
82 .9394 4 8 .0 1 .1 8 1 5 2 4 .0
83 1 .0 1 7 0 3 9 .0 1 .2 6 7 1 2 0 .0
84 1 .0 9 1 0 3 4 .0 .9 626 5 2 .0
85 .9008 5 9 .0 1 .3 5 3 8 1 4 .0
86 .7696 8 0 .0 1 .0 8 8 9 3 6 .0
87 .7707 7 9 .0 1 .3 1 1 8 1 7 .0
TAH1.E 20
EFFICIENCY COMPARISON BETWEEN PADDY AND WHEAT -  AVERAGE FUNCTION
Farm No.
PADDY WHEAT
Ef f i c i e n c y  
R a t i n g
Rank Ef f i c i e n c y  
R a t i n g Rank
1 .5 0 5 4 8 5 . 0 . 6 5 9 4 3 6 . 0
2 .5 9 1 1 7 4 . 5 . 5 7 8 7 5 3 . 0
3 .8 0 6 1 3 3 . 0 . 7 1 7 7 2 7 . 0  1
A .6 6 1 0 5 4 . 0 . 7 9 2 2 1 9 . 0
5 . 6 5 5 5 5 7 . 0 . 9 3 2 6 8 . 0  ;
6 .6 2 0 8 7 0 . 0 . 7 3 3 2 2 6 . 0
7 .6 7 5 4 4 9 . 0 .5 5 3 8 5 6 . 0
8 . 9 9 2 7 8 . 0 1 .0 0 0 0 3 . 0  i
9 . 8 3 7 7 2 6 . 5 . 6 1 2 6 4 7 . 0
10 . 8 5 4 1 2 3 . 0 1 .0 0 0 0 3 . 0
11 . 8 1 0 9 3 0 . 0 . 8 8 9 3 1 3 . 0  1
12 .6 2 4 7 6 6 . 0 .4 1 6 6 7 5 . 0  1
13 .5 9 2 1 7 3 . 0 1 .0 0 0 0 3 . 0  '
14 .7 4 0 7 4 1 . 0 . 3 7 4 8 8 2 . 0
15 .4 0 3 5 8 7 . 0 .6 8 6 2 2 9 . 0
16 .6 2 3 4 6 7 . 0 .7 4 6 7 2 4 . 0
17 .5 9 5 4 7 2 . 0 . 6 0 5 5 4 8 . 0
18 1 .0 0 0 0 3 . 0 .6 8 1 9 3 2 . 0
19 .9 0 8 1 1 6 . 0 .6 0 1 7 4 9 . 0
20 .6 7 4 3 5 0 . 0 . 4 7 5 1 6 7 . 0
21 .6 6 1 9 5 3 . 0 . 3 3 8 6 8 4 . 0
22 .6 9 8 5 4 6 . 0 . 5 5 1 6 5 7 . 0
23 .7 4 2 6 4 0 . 0 .6 5 0 2 3 9 . 0
24 . 9 1 9 0 1 3 . 0 . 8 8 5 8 1 4 . 0
25 .6 5 8 6 5 6 . 0 .6 7 8 2 3 3 . 0
26 .5 1 1 1 8 4 . 0 1 .0 0 0 0 3 . 0
27 .7 4 6 8 3 9 . 0 .5 9 7 4 5 2 . 0
28 .9 6 0 4 1 1 . 0 .7 9 0 5 2 0 . 0
29 . 5 8 5 1 7 6 . 0 .5 0 8 5 6 1 . 0
30 . 6 6 3 3 5 2 . 0 . 5 0 1 5 6 2 . 0
31 . 7 2 4 6 4 2 . 0 . 4 6 3 1 7 0 . 0
32 1 .0 0 0 0 3 . 0 . 6 0 0 0 5 0 . 0
33 . 9 1 6 3 1 4 . 0 . 5 6 5 7 5 4 . 0
34 1 .0 0 0 0 3 . 0 . 6 1 6 0 4 6 . 0
35 . 6 2 1 3 6 9 . 0 . 4 2 9 5 7 3 . 0
36 . 8 2 0 9 2 8 . 0 .7 8 7 7 2 2 . 0
37 . 8 9 5 8 1 8 . 0 . 4 7 6 3 6 6 . 0
38 . 7 7 2 4 3 7 . 0 . 5 2 2 0 6 0 . 0
39 1 .0 0 0 0 3 . 0 . 8 1 0 6 1 7 . 0
40 . 9 1 2 0 1 5 . 0 .9 9 6 7 7 . 0
41 .7 8 2 7 3 5 . 0 . 6 6 1 4 3 5 . 0
42 .8 3 7 7 2 6 . 5 . 6 8 4 8 3 1 . 0
43 .9 5 7 4 1 2 . 0 .5 5 6 7 5 5 . 0
44 .7 1 2 8 4 4 . 0 .4 5 2 4 7 1 . 0
45 .8 9 9 2 1 7 . 0 . 4 2 6 1 7 4 . 0
46 1 .0 0 0 0 3 . 0 . 8 9 8 8 1 1 . 0
47 . 8 9 5 0 1 9 . 0 . 6 9 0 8 2 8 . 0
48 .7 0 9 1 4 5 . 0 . 6 8 6 0 3 0 . 0
49 . 6 4 6 3 6 0 . 0 . 4 9 4 7 6 4 . 0
50 . 6 5 1 7 5 8 . 0 . 6 3 4 8 4 2 . 0
51 . 8 6 6 8 2 2 . 0 . 4 6 6 4 6 8 . 0
52 . 8 4 5 4 2 4 . 0 . 6 3 6 5 4 1 . 0
53 .5 2 2 5 8 2 . 0 . 7 8 9 5 2 1 . 0
54 . 9 6 9 1 9 . 0 .4 7 8 2 6 5 . 0
55 . 6 3 3 9 6 5 . 0 . 4 9 6 0 6 3 . 0
56 .6 3 4 6 6 4 . 0 . 6 6 8 0 3 4 . 0
57 . 6 5 0 3 5 9 . 0 . 9 2 3 4 1 0 . 0
58 .7 7 3 4 3 6 . 0 .9 2 7 5 9 . 0
59 . 6 3 7 9 6 2 . 0 .6 5 7 2 3 7 . 5
60 .5 8 4 7 7 7 . 0 . 3 8 6 3 7 9 . 0
61 .6 2 2 8 6 8 . 0 . 3 4 2 5 8 3 . 0
62 . 6 7 2 3 5 1 . 0 . 3 9 7 6 7 7 . 0
63 .8 8 3 7 2 1 . 0 . 3 1 1 1 8 7 . 0
64 . 5 0 2 6 8 6 . 0 . 4 3 1 5 7 2 . 0
65 . 5 7 4 1 7 9 . 0 . 5 9 8 3 5 1 . 0
66 .5 1 1 7 8 3 . 0 .6 5 7 2 3 7 . 5
67 . 5 9 1 1 7 4 . 5 . 5 4 3 0 5 8 . 0
68 . 6 6 0 9 5 5 . 0 . 3 1 4 4 8 6 . 0
69 .8 3 9 7 2 5 . 0 . 9 9 8 9 6 . 0
70 . 7 2 3 3 4 3 . 0 .4 6 3 5 6 9 . 0
71 . 7 5 9 3 3 8 . 0 1 .0 0 0 0 3 . 0
72 . 6 7 8 3 4 8 . 0 . 8 2 8 0 1 5 . 0
73 .5 7 1 6 8 0 . 0 .3 2 4 9 8 5 . 0
74 . 6 1 2 1 7 1 . 0 . 6 2 1 9 4 5 . 0
75 .8 1 5 5 2 9 . 0 . 3 7 9 6 8 0 . 0
76 . 8 8 9 1 2 0 . 0 . 5 3 1 3 5 9 . 0
77 .8 0 7 2 3 2 . 0 .4 1 6 5 7 6 . 0
78 .9 9 6 4 7 . 0 . 7 4 0 7 2 5 . 0
79 .6 4 0 2 6 1 . 0 . 3 9 3 6 7 8 . 0
80 .9 9 7 5 6 . 0 . 6 4 6 1 4 0 . 0
81 . 9 6 1 6 1 0 . 0 . 3 7 6 9 8 1 . 0
82 .6 9 2 2 4 7 . 0 . 7 8 3 1 2 3 . 0
83 . 7 9 3 8 3 4 . 0 . 8 1 9 1 1 6 . 0
84 . 8 0 9 5 3 1 . 0 . 6 2 5 5 4 3 . 0
85 . 6 3 5 9 6 3 . 0 . 8 8 9 4 1 2 . 0
86 .5 5 7 7 8 1 . 0 . 6 2 4 5 4 4 . 0
87 . 5 7 4 2 7 8 . 0 . 7 9 5 3 1 8 . 0
77
The efficiency ratings under each crop were ranked from 
1 to 87. The farm with the highest efficiency was assigned rank 1 
and the one with the lowest efficiency was ranked 87. Tied 
efficiencies were assigned the average of the tied ranks. The 
Spearman rank correlation coefficient (r ) was then calculated between 
paddy and wheat rankings. Tests of significance of rg were carried 
out using a two-tailed t-test. The test statistics are presented in 
Table 21. For both the average and frontier functions, the calculated 
value of t was found insignificant even at 10 per cent significance 
level. The null hypothesis of no correlation between the two sets of 
rankings was thus accepted. Acceptance of the null hypothesis means 
that efficiency in paddy cultivation is unrelated to efficiency in 
wheat cultivation. The graphs resulting from plotting the efficiency 
ratings under paddy against the efficiency ratings under wheat are 
shown in Figures 7 and 8. These figures indicate no relationship 
between the two efficiency ratings. The result seems rather surprising, 
for the reason that the farmers efficient in paddy cultivation could 
be expected to be more or less efficient in wheat production, too.
From this point of view, one expects at least some significant positive 
correlation between the two sets of efficiency ratings.
Given that efficiency in farming is not likely to be crop 
specific the question is therefore raised whether the efficiency 
ratings are random variables or the outcome of measurement errors and 
omitted factors that are specific to each crop. If true efficiency 
were crop specific or if efficiency, as measured, were related to 
factors that are crop specific, such as the suitability of land, it 
might be expected that the proportion of output from each crop would 
be related to relative efficiency. Those farmers who are relatively 
efficient at producing paddy might produce more paddy relative to
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wheat, while those who are relatively efficient at producing wheat 
may pr>duce relatively more wheat than paddy.
TABLE 21
TZ ST STATISTICS BETWEEN PADDY AND WHEAT EFFICIENCY RANKINGS
Average Function Frontier Function
Spearman rank 
correlation coefficient 0.1399 0.1057
Value of t-statistic 1.3026 0.9803
Degrees of Freedom 85 85
No. of Observations 87 87
To test this hypothesis, the relative efficiency of farmers 
at prcducing paddy and wheat was correlated against the relative 
output of each crop. The ratios for both efficiency and output 
corresponding to the individual farms are presented in Table 22 and 
the resulting graph is shown in Figure 9. The figure clearly shows 
no re.ationship between the proportion of output and the relative 
efficiency. This further supports the conjecture that efficiency 
ratings may not be related to true efficiency but may be random 
varia>les. Obviously more work needs to be done as to the meaning 
of thise efficiency indicators. It would also appear that different 
types of data, such as independent measures of land quality, would
need :o be collected.
FIGURE 7 79
EFFICIENCY RATINGS IN PADDY AND 
WHEAT PRODUCTION - AVERAGE FUNCTION
1.500t
1.400”
1.300--
1.200--
1.100”
§ 1.000
pS 0.900
0.800
0.700
0.580
0.700 0.900 1.100 1.300 1.5000.500 1.700 1.900
EFFICIENCY RATINGS IN WHEAT
11 VH ADN
FIGURE 8 80
EFFICIENCY RATINGS IN PADDY AND WHEAT 
PRODUCTION - FRONTIER FUNCTION
1.100
0.900
§ 0.800
0 .700
0.600
0.500
0 .400
0 .6000 .300 0 .800 0 .900 1.0000.400 0 .7000.500
EFFICIENCY RATINGS IN WHEAT
TABLE 22
RELATIVE OUTPUTS AND EFFICIENCIES, PADDt AND WHEAT - 
BY INDIVIDUAL FARMS
Farm No. Paddy Efficiency Wheat Efficiency
Paddy Output 
Wheat Output
1 .7665 8.6400
2 1.0214 5.0417
3 1.1232 21.3333
4 .8344 24.0000
5 .7029 23.0000
6 .8467 30.2500
7 1.2195 14.6500
8 .9927 14.0000
9 1.3675 25.0000
10 .8541 28.0000
11 .9118 18.0000
12 1.4996 31.1250
13 .5921 11.6000
14 1.9761 68.0000
15 .5880 7.5000
16 .8349 25.9167
17 .9833 16.0000
18 1.4665 44.8000
19 1.5092 8.0000
20 1.4194 9.1429
21 1.9546 21.3333
22 1.2664 12.8000
23 1.1421 48.0000
24 1.0375 11.1250
25 .9710 15.3846
26 .5111 7.1538
27 1.2501 45.3333
28 1.2149 11.0000
29 1.1507 5.8947
30 1.3226 4.8696
31 1.5649 61.0000
32 1.6666 9.9394
33 1.6198 16.2500
34 1.6234 9.2308
35 1.4467 6.5455
36 1.0422 11.7222
37 1.8810 16.2500
38 1.4795 8.0000
39 1.2337 3.5000
40 .9150 8.5833
41 1.1834 11.7500
42 1.2232 17.8000
43 1.7200 32.0000
44 1.5754 35.5000
45 2.1102 29.6667
46 1.1126 15.6667
47 1.2956 8.0455
48 1.0337 14.0000
49 1.3066 9.1429
50 1.0268 10.6667
51 1.8586 11.0714
52 1.3282 2.8235
53 .6618 9.1429
54 2.0267 33.2000
55 1.2779 12.2500
56 .9499 9.8000
57 .7043 9.2000
58 .8339 14.0000
59 .9707 11.2500
60 1.5136 7.2500
61 1.8187 9.6000
62 1.6910 5.6471
63 2.8403 15.2500
64 1.1649 6.0833
65 .9594 5.8333
66 .7786 4.3333
67 1.0886 7.8000
68 2.1022 6.0000
69 .8406 9.6000
70 1.5603 9.2500
71 .7593 7.7500
72 .8192 4.4444
73 1.7593 7.6000
74 .9842 5.0000
75 2.1481 7.6000
76 1.6735 10.0000
77 1.9381 11.1250
78 1.3453 12.8571
79 1.6263 4.6667
80 1.5439 2.7826
81 2.5513 9.7500
82 .8839 4.2000
83 .9692 7.5000
84 1.2941 8.0000
85 .7150 1.7778
86 .8930 3.2000
87 .7219 2.6667
FIGURE 9
PADDY WHEAT OUTPUT AND EFFICIENCY 
RATIOS -  FRONTIER FUNCTION
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CHAPTER 6
MARGINAL RETURNS TO FACTORS OF PRODUCTION
The production functions estimated in Chapter 4 were used 
as a means for calculating technical efficiency, and the discussion 
so far relates mostly to that aspect. A number of other interesting 
aspects can also be analysed within the production function frame­
work. One of them, the marginal returns to factors of production, 
which reveals significant insights into the allocative efficiency of 
farms in traditional agriculture of the Rupandehi district, is 
discussed in this chapter.
6.1 Marginal Returns
Table 23 presents the estimates of geometric means, pro­
duction elasticities and marginal productivities for four input factors 
in respect of wheat and paddy production. The marginal product of 
each input factor is calculated at the geometric means of the respective 
input and the estimated level of output. The estimated elasticities 
are those obtained from the respective functions of Table 10.
The marginal product of a particular input indicates the 
amount or quantity that would be added to the output by the last unit 
of that input.
The marginal productivity of land indicated an additional 
increase of 1.58 mani to the paddy output^- and 0.64 mani to the wheat
1. The price of 1 mani of paddy during the survey year was Rs.10.00.
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output for a one Kattha increase in each crop. In value terms,
1.58 mani of paddy and 0.64 mani of wheat convert to Rs.15.80 and 
Rs.12.24 respectively. This indicates a 29 per cent higher return 
in paddy as compared to wheat for a one Kattha increase land.
If this result is not purely the outcome of statistical chance it 
would imply under-use of land in paddy cultivation in relation to 
the wheat crop. It will be shown subsequently that there also 
appears to be an underutilization of labour in paddy production 
relative to that of wheat.
As regards the net human labour, an increase of one labour 
day would contribute just over 0.36 mani at the margin to the output 
of paddy. The average wage rate for one labour day in the district 
was 0.344 mani in kind and Rs.3.44 in cash. The degree of misallo- 
cation of labour input could be judged by comparing the marginal 
return with its wage rate. Thus, on examining the marginal return of 
labour with its wage rate, the former was found to be higher than the 
latter. This might indicate underutilization of labour resources for 
the paddy crop in the district, but the difference in the numbers is 
probably not statistically significant.
Similarly, the marginal return of labour in wheat production 
is estimated to be 0.23 mani. In actual practice, the wage is paid 
either in cash or in terms of paddy but not in wheat quantity. It is, 
therefore, not possible to make a direct comparison as was done for 
paddy. Comparison is possible only by converting the marginal return 
for wheat, which is in terms of wheat quantity, into the value term.
2. The price of 1 mani of wheat during the survey year was Rs.19.13.
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Accordingly, the marginal return of 0.23 mani of wheat converts to 
Rs.4.40. Now, on examining this return with the wage rate of Rs.3.44, 
the marginal return was found to be higher by 27.91 per cent. This 
provides sufficient evidence to believe that the farmers in the 
Rupandehi district had used labour inputs well below the maximum 
production level. The result suggests a net return of Rs.0.96 for 
every additional use of labour.
For both crops, there is some evidence, although not strong, 
that the farmers have underutilized the labour input. Underuse of 
labour could be caused by two factors. First, there was an overall 
shortage of labour in the district. Second, the farmers themselves 
did not know the optimum number of labour days required for their farm 
operation.
In view of the prevailing labour supply situation in the 
district, the first factor is very likely to have caused the 
disequilibrium situation in the use of labour. Rupandehi district is 
largely dependent on seasonal labour supply from the adjoining districts 
of India, especially during the monsoon and harvesting seasons. Because 
of the open border and a free-entry system between India and Nepal, 
inflow of the Indian labourers is not recorded and therefore the figure 
could not be quantified. However, the common observation has been that 
if there is a significant reduction in the incoming labour force as a 
result of good weather conditions and/or a good previous harvest in 
India, the crop production in the district, particularly paddy, is 
affected to a large extent.
Given such circumstances, the large farms could be expected 
to have a greater disequilibrium situation in relation to the small 
size farms for the reason that the farmers with large holdings would
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have hired a largerproportion of their labour than the farmers with 
small holdings. As the estimated marginal return shows only the 
overall situation of the district, no further inference could be drawn 
at this stage. However, this question will be considered further in 
the latter part of this section.
The marginal return of seed was estimated to be 2.20 mani for 
paddy and 2.58 mani for the wheat crop. These results suggest under­
utilization of seed for both crops and an expected increase of 2.20 
mani in paddy output and 2.58 mani in wheat output for a one mani 
increase in the respective seed quantity. To measure exactly the 
extent to which seed is underutilized the seasonal pattern of prices 
and the interest rate would need to enter into the calculation.
The marginal return to a maund of organic manure was 0.32 mani
for paddy and 0.16 mani for wheat. In value terms, these figures
convert to Rs.3.20 and Rs.3.06 respectively. While examining the
3marginal returns of manure with the costs, the farmers were found to 
have used manure well below the optimum production level.
The marginal returns discussed so far relate to the average 
farms. That is, these results indicate only the average level of the 
whole distribution. They do not answer any of the following questions:
Is the marginal productivity of a particular factor the same 
for all the farms? Do farmers with larger land holdings also show 
higher productivity for land and labour? How well have the individual 
farms allocated the resources at hand? Does allocative efficiency 
differ widely among the farmers? What percentage of the farmers have 
overused or underused a particular input?
3. The average price for one maund of manure during the survey 
year was Rs.1.50.
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With a view to examining the above questions, the marginal 
productivity of each input factor was estimated for each individual 
farm using equation (2.5). The resulting estimates are presented in 
Tables 24 and 25.
From Table 24, it is evident that the marginal return of 
land in paddy production varies from a minimum of 0.93 mani to a 
maximum of 2.55 mani. The distribution of the marginal productivity 
of land is shown in Table 26, and its graphical representation in 
Figure 10. For three-quarters of the farms, the marginal return to 
1 Kattha of land was greater than 1.34 mani. Fifty per cent of the 
farms exhibited marginal productivities greater than 1.57 mani.
Figure 11 shows the relationship between the area under 
paddy and the marginal return to the land of the corresponding farm.
The figure reveals that the marginal productivity of land was, with 
minor exceptions, higher for the small farms and smaller for the 
large farms. That is, the more land under paddy, the smaller was 
the marginal return and vice versa. A similar interpretation holds 
for the wheat crop as well (Figure 12). The marginal productivity of 
land under both the crops is inversely related to the area under 
cultivation.
The question of how well land was allocated by the individual 
farms in crop production still remains unanswered. In the absence of 
land price, no valid inferences could be drawn on this vital aspect.
For land to be allocated efficiently, however, it is clear from the 
results that the price of land must be greater for small holders.
Given that small land holders can only borrow money at interest 
rates above those paid by large holders some difference in implicit 
land prices might be expected.
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TABLE 24
MARGINAL PRODUCTIVITY OF INPUT FACTORS IN PADDY PRODUCTION -
BY INDIVIDUAL FARMS 
(in mani)
Marginal Productivity of
Farm No.
Land
Net
Human
Labour
Seed OrganicManure
1 .9897 .6481 1.8115 .2947
2 1.1364 .7291 2.1261 .3962
3 1.5818 .8185 2.8198 .5030
4 1.2679 .6817 2.4907 .3423
5 1.5339 1.0270 2.9981 .9122
6 1.4638 .7463 2.3352 .3471
7 1.2707 .5961 2.4249 .3347
8 1.2141 .8003 2.2324 .2607
9 1.2508 .4627 2.8452 .2570
10 1.6193 .8101 2.5895 .4465
11 2.0229 .6885 3.4440 .4585
12 1.6892 .8586 2.9520 .3509
13 1.9773 .7671 2.1194 .5501
14 1.0566 .3685 1.6605 .2210
15 1.5369 .4814 3.3210 .2829
16 1.3481 .4896 1.9142 .3058
17 1.2052 .3670 1.7835 .5698
18 1.3829 .5885 1.9326 .3958
19 1.2812 .5064 2.0664 .2571
20 1.1800 .7128 2.4354 .4052
21 1.5223 .5049 2.4395 .3653
< 2  2 > .9253 .3113 1.1070 .1842
23 1.1881 .5710 1.6876 1.3640
24 1.1889 .5265 1.9341 .3394
25 1.8784 .5737 3.4440 .7859
26 1.7207 .7151 2.9520 .7859
27 1.4244 .3825 1.7493 .7859
28 1.4123 .4829 1.8450 .4912
29 1.4171 .4922 2.2140 .2210
30 1.4675 .4689 2.1086 .3930
31 1.5369 .3984 2.6568 .1965
32 2.0897 .7432 2.3458 .5465
33 1.0258 .3477 2.8385 .7224
34 .9926 .3252 1.4920 .6345
35 1.4784 .3479 2.7880 .2386
\ 3 ^ 2.0458 1.0058 2.7060 .5403
37 1.4138 .3985 1.4760 .2292
38 1.3500 .5551 2.2960 .1965
39 1.4920 .4668 2.2509 .3745
40 2.4067 .4437 2.3275 .6713
41 2.1132 .3806 3.1256 .8842
42 1.9567 .3522 2.9981 .2903
43 1.8296 .4433 4.0255 .3684
44 1.3407 .2434 1.4760 .8842
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TABLE 24 (c o n tin u e d )
M a rg in a l P r o d u c t iv i t y  o f
Farm No.
Land
N et
Human
Labour
Seed O rgan icManure
45 1 .4908 .3017 2 .4600 .4912
46 1 .7873 .7281 1 .9465 .8637
47 2 .1022 .5367 2 .2843 .3991
48 1 .7 1 0 0 .5513 2 .9520 .1824
49 1 .0347 .2814 1 .1992 .3548
50 1 .8844 .4862 3 .2075 .1850
51 1 .7339 .3113 2 .2140 .2947
52 1 .8946 .4215 3 .4 4 4 0 .4585
53 1 .8561 .3237 3 .1672 .3012
54 1 .7886 .4385 2 .3124 .1924
55 1 .9939 .5017 4 .3 8 7 0 .2920
56 1 .8592 .4447 2 .3458 .3415
57 2 .1915 .3962 3 .4440  ' .3438
58 2 .2362 .3901 2 .6836 .2456
59 1 .4 3 7 1 .2780 2 .6199 .1744
60 1 .9349 .3951 2 .7367 .3214
61 2 .4799 .5969 2 .3124 .3848
62 1 .7914 .5468 2 .7214 .5434
63 1 .7003 .2733 1 .7220 .2715
64 1 .6072 .3968 1 .4760 .2620
65 1 .4177 .4008 1 .9680 .1965
66 1 .7910 .4587 2 .3 8 3 1 .6798
67 1 .8178 .2684 2 .5303 .2947
68 1 .2523 .1653 1 .4760 .0982
69 1 .2200 .2347 2 .4446 .3254
70 1 .9665 .5480 2 .7843 .6795
71 1 .6532 .3733 1 .5 9 1 3 .1412
72 1 .1740 .3007 2 .0090 .6017
73 1 .3456 .3643 1 .8081 .3009
74 1 .5001 .4206 1 .4145 .5649
75 1 .8262 .3939 1 .7220 .5290
76 1 .4408 .3259 1 .6605 .2210
77 1 .1859 .2143 2 .0756 .5526
78 1 .1849 .2679 1 .6051 .5342
79 1 .7143 .3347 2 .5830 .5290
80 1 .3417 .2452 1 .7712 .2947
81 1 .3458 .2435 2 .4776 .2886
82 2 .4039 .3772 3 .9667 .5280
83 1 .3315 .3573 2 .1448 .2855
84 1 .5462 .3843 1 .6605 .6028
85 1 .3914 .2832 2 .5303 .0982
86 1 .5262 .3078 1 .7444 .2129
87 1 .2474 .3060 2 .2404 .3479
88 1 .1740 .2950 1 .2300 .2456
89 1 .8846 .3142 2 .8136 .2497
90 1 .1232 .2126 1 .3468 .2241
91 1 .0687 .2909 1 .8450 .4298
92 1 .2049 .1887 1 .4391 .1197
93 1 .2897 .2547 1 .7989 .1596
94 1 .2197 .2676 2 .2 1 4 0 .4421
91
TABLE 24 (c o n tin u e d )
Farm No.
M a rg in a l P r o d u c t i v i t y  o f
Land
Net
Human
Labour
Seed O rg an icM anure
95 1 .4449 .2567 1 .6869 .2620
96 1 .8386 .3313 2 .2140 .4534
97 1 .6643 .2461 1 .7066 .4544
98 1 .6875 .2943 2 .1448 .2596
99 2 .1523 .3193 3 .3825 .6754
100 1 .5785 .2792 1 .8450 .1819
101 1 .4871 .3159 1 .2747 .1555
102 1.3697 .1698 1 .6144 .3070
103 1 .7023 .2247 3 .5670 .2968
104 2 .0802 .3580 2 .6621 .3101
105 2 .3 4 8 0 .2345 3 .6900 .1637
106 1 .8062 .3341 2 .3370 .2333
107 1 .8784 .2938 2 .4600 .4912
108 1 .5933 .2945 2 .8044 .1555
109 1 .8997 .3268 2 .0526 .2732
110 1 .2610 .2040 2 .6752 .2739
111 1 .3914 .2522 1 .4760 .3930
112 2 .1563 .3578 2 .7675 .4251
113 1 .9944 .3725 2 .7060 .3002
114 1 .7272 .2286 1 .9504 .4131
115 2 .3286 .3936 2 .2140 .2183
116 1 .9809 .2497 1 .7923 .1740
117 1 .5910 .2171 2 .4354 .4052
118 1 .6436 .1855 1 .4760 .1719
119 2 .0871 .2684 2 .9520 .3930
120 2 .5522 .2743 2 .7675 .2125
121 1 .9651 .2651 2 .8782 .4789
122 1 .6436 .2323 1 .9372 .1289
123 1 .6933 .1959 2 .7675 .1228
124 1 .7610 .3091 2 .2140 .2947
125 1.8197 .2649 1 .9065 .6345
126 1 .8784 .1711 2 .3616 .2620
127 1 .4230 .2110 1 .7712 .1474
128 1 .5653 .2926 1 .4760 .1228
129 1 .5653 .1915 1 .8450 .1754
130 2 .4274 .4122 2 .5369 .3377
131 1 .3417 .2136 1 .4760 .0982
132 1 .5933 .2056 1 .7527 .2333
133 1 .3417 .1721 1 .4760 .1637
134 2 .5241 .2849 2 .6445 .2640
135 1 .4449 .2304 1 .9680 .2807
136 1 .8 1 4 4 .2852 2 .0910 .2088
137 1 .7053 .2331 1 .5 9 9 0 .1596
138 1 .2692 .1483 2 .2140 .1053
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TABLE 25
MARGINAL PRODUCTIVITY OF INPUT FACTORS IN WHEAT PRODUCTION -
BY INDIVIDUAL FARMS 
(in mani)
Marginal Productivity of
Farm No.
Land
Net
Human
Labour
Seed OrganicManure
1 .3790 .4460 2.3477 1.1540
2 .5851 .5438 2.6636 .2954
3 .8777 .4108 2.4416 .1846
4 .4388 .2555 2.7468 2.0772
5 .9752 .4434 2.4416 .3077
6 .5851 .3880 2.4416 .1846
7 .3657 .3063 2.4416 .4616
8 1.1702 .7450 4.8832 .1231
9 .9752 .2623 3.2555 .0923
10 1.1702 .4434 4.8832 .0923
11 1.1702 .3801 3.2555 .1846
12 .5573 .1791 2.4416 .0615
13 1.4628 .3125 6.1040 .2308
14 .5120 .1216 1.0682 .0808
15 .9752 .2069 4.8832 .1846
16 .6550 .1356 3.6624 .6924
17 .3882 .2513 1.9329 .5481
18 .9142 .1188 3.0520 .2885
19 .5851 .4049 2.4416 .1846
20 .5120 .2263 2.1364 .1616
21 .4220 .1196 2.2890 .0865
22 .4571 .2939 3.8150 .1442
23 1.0971 .1746 1.8312 .0692
24 1.1702 .3211 4.8832 .1846
25 .4116 .2193 1.9838 .7501
26 .7122 .2967 3.9676 1.0001
27 .7314 .1343 1.8312 .1731
28 .6501 .3652 3.2555 .3693
29 .3232 .3376 3.8659 .2193
30 .4206 .3667 3.5098 .1327
31 .7314 .1369 1.2208 .0462
32 .4310 .4001 3.3572 .1904
33 .7314 .2328 2.4416 .0923
34 .3522 .3290 3.9676 .3334
35 .4023 .1472 1.3429 .4231
36 .4374 .3037 1.8312 1.0386
37 .5319 .2483 1.6277 .0923
38 .5851 .2024 3.6624 .1385
39 .5851 .4331 3.2555 .3693
40 .8777 .3104 7.3248 .3462
41 .5822 .3326 2.4416 .1539
42 .9142 .2116 3.0520 .0962
43 .9142 .1293 1.5260 .0824
44 .7314 .1293 1.2208 .0462
45 .7314 .1343 1.8312 .0346
46 1.4628 .2451 3.6624 .1065
TABLE 25 (c o n tin u e d )
Farm No.
M a rg in a l P r o d u c t iv i t y  o f
Land
Net
Human
L flhrm r
Seed O rgan icManure
47 .5364 .3201 3 .3572 .2539
48 .7314 .1888 1 .8312 .1731
49 .5120 .1791 2 .1364 .1616
50 .8777 .2494 1 .8312 .0923
51 .3938 .2232 2 .1364 .1346
52 .4145 .3326 3 .4589 .3924
53 1 .2799 .2469 2 .1364 .0673
54 .4571 .0954 1 .5260 .2885
55 .4876 .1527 2 .4416 .1319
56 .7314 .2282 3 .0520 .1154
57 1 .2190 .2985 3 .0520 .1154
58 .9752 .3211 2 .4416 .1539
59 .8480 .2069 2 .4416 .0923
60 .4388 .1746 1 .8312 .0692
61 .3621 .1712 1 .5260 .0577
62 .3886 .1832 2 .5942 .0981
63 .3657 .1122 2 .4416 .0462
64 .3989 .1768 1 .8312 .1385
65 .5930 .2183 1 .8312 .1978
66 .6583 .2721 5 .4936 .1039
67 .6095 .1819 3 .0520 .0962
68 .3657 .1270 1 .8312 .0692
69 .9499 .2042 3 .0520 .5770
70 .4644 .1634 2 .4416 .0923
71 1 .1702 .2451 3 .6624 .2770
72 .9974 .3127 5 .4936 .1039
73 .3657 .1238 1 .5260 .0824
74 .6206 .2144 2 .1364 .2308
75 .4063 .1492 3 .0 5 2 0 .0577
76 .5851 .1258 2 .4416 .1846
77 .4876 .1194 2 .4416 .0923
78 1 .2799 .1598 2 .1364 .1154
79 .3989 .1411 1 .8312 .1385
80 .4673 .2910 3 .5098 .2949
81 .3251 .1862 1 .2208 .0923
82 .9142 .2459 2 .2 8 9 0 .2473
83 1 .4628 .2024 2 .4416 .0923
84 1 .0971 .1587 2 .8312 .0692
85 1 .0971 .3175 2 .7468 .1039
86 .9142 .2196 3 .0520 .0577
87 .8777 .2686 3 .6624 .1385
DI
ST
RI
BU
TI
ON
 O
F 
MA
RG
IN
AL
 P
RO
DU
CT
IV
IT
Y 
OF
 L
AN
D 
IN
 P
AD
DY
 P
RO
DU
CT
IO
N
94
Cu
mu
la
ti
ve
 
Pr
op
or
ti
on
 
of
 F
ar
ms
(m
or
e 
th
an
 t
yp
e)
1.
00
00
0.
88
41
0.
56
53
0.
31
17
0.
10
15
0.
04
35
i
Cu
mu
la
ti
ve
 
Pr
op
or
ti
on
 
of
 F
ar
ms
(l
es
s 
th
an
 t
yp
e)
0.
11
59
0.
43
47
0.
68
83
0.
89
85
0.
95
65
1.
00
00
i
Pr
op
or
ti
on
of
Fa
rm
s
0.
11
59
0.
31
88
0.
25
36
0.
21
02
0.
05
80
0.
04
35 oooo
r—1
Nu
mb
er
of
Fa
rm
s
16 44 35 29 8 6 13
8
Ma
rg
in
al
 
Pr
od
uc
ti
vi
ty
 
of
 
La
nd
(i
n 
ma
ni
)
0.
90
0 
- 
1.
20
0 
(<
 1
.2
00
)
1.
20
0 
- 
1.
50
0
1.
50
0 
- 
1.
80
0
1.
80
0 
- 
2.
10
0
2.
10
0 
- 
2.
40
0
2.
40
0 
- 
2.
70
0
To
ta
l
IV
E 
PR
OP
OR
TI
ON
 O
F 
FA
RM
S
FIGURE 10
95
MARGINAL PRODUCTIVITIES OF LAND 
UNDER PADDY
1.000
0.800 --
0.700--
0.600--
0.500*-
0.300
0.200
0.100
n . 570
2.7001.800 2.1001.500 2.4000.900 1.200
MARGINAL PRODUCTIVITY OF LAND (IN MANI)
FIGURE 11
MARGINAL PR O D U C TIV ITIES OF LAND : RELA TIO N SH IP 
TO AREA UNDER PADDY
2 .  7 0 0 r
2 . 5 0 0
2 . 3 0 0
2.100
1 . 9 0 0
>  1 . 7 0 0
5  1 . 5 0 0 "
1 .3 0 0 -
1 . 100-
AREA UNDER PADDY ( I N  KATTHA)
MA
RG
IN
AL
 P
RO
DU
CT
IV
IT
Y 
OF
 L
AN
D 
(IN
 M
AN
I)
FIGURE 12 97
MARGINAL PRODUCTIVITIES OF LAND : RELATIONSHIP 
TO AREA UNDER WHEAT
1.500r
1.300”
1.100"
0.500--
0.300--
AREA UNDER WHEAT (EN KATTHA)
98
In the case of labour, the productivity to an additional 
labour-use varied from a minimum of 0.15 mani to a maximum of 1.03 
mani. The farm which had produced the highest output of paddy 
corresponds to the highest return to labour and the one with the 
lowest output corresponds to the lowest marginal return to labour. 
However, the farm which had the highest output did not actually 
have the most land under paddy, whereas the farm with the lowest 
output did correspond to the least land under paddy.
The distribution of the marginal productivity of labour is 
summarised in Table 27 and its graphical representation is presented 
in Figure 13. For three-quarters of the farms, the marginal return 
was less than 0.48 mani and for one-quarter of the farms the return 
was not more than 0.26 mani. In 50 per cent of farms, the marginal 
productivity of labour was between 0.26 and 0.48 mani.
The highest efficiency in labour-use occurs at the point 
where the marginal return of labour equals its wage rate. Considering 
the average wage rate as 0.344 mani, Figure 14 indicates the extent 
of allocative inefficiency in labour-use for each individual farm.
The further the farm lies from the wage line the higher will be the 
inefficiency in labour-use, that is, the greater the difference 
between the wage-rate and the marginal return to labour, the greater 
the degree of inefficiency in utilization of labour.
There were 49.28 per cent of farms with a marginal pro­
ductivity below the wage rate and 50.72 per cent above it. Farms 
with a marginal return below the wage line had overutilized the 
labour and those above the wage line had underused the input.
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Of the 50.72 per cent of farms which had underused the 
labour input, 44.29 per cent had less than 80 Katthas of land under 
paddy.
Of those which had 80 or more Katthas of land under paddy, 
95.12 per cent had a marginal productivity of labour above the wage 
rate
Among those which had less than 80 Katthas of land under 
the crop, 68.04 per cent had marginal return of labour below the 
wage rate.
If the wage rate is similar for all the farms then these
4 5resuLts imply that the majority of small farms had overused labour 
and almost all the large^ farms had underutilized the labour input. 
This evidence suggests the existence of a labour shortage in the 
large farms and a surplus of labour in the small farms. The underuse 
of labour in the majority of large farms could be the result of the 
oveiall shortage of labour particularly during the monsoon and the 
harvesting seasons. During these periods most farmers choose to work 
in their own fields rather than hire out their labour to the large 
fans.
In the case of wheat, the marginal return of labour varied 
fron 0.10 to 0.75 mani. The distribution of the marginal productivity 
of labour is shown in Table 28, and its graphical representation in 
Figire 15. For three-quarters of the wheat producing farms, the
a. Farms with less than 80 Katthas (2.71 hectares or 6.69 acres) 
of .and holdings.
5. As land holdings and the area under paddy are highly correlated 
theT may be treated as synonymous for this analysis.
). Farms with 80 or more Katthas of land holdings.
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labour productivity was less than 0.32 mani, and for one-quarter of 
the farms, the return was not more than 0.17 mani.
Similar interpretations hold for the marginal returns of 
seed and manure.
The average marginal returns, standard deviations and the 
coefficients of variation of the returns of input factors for large 
and small farms in paddy and wheat production are presented in 
Tables 29 and 30 respectively.
For the paddy crop, all but land input had a higher average 
return in large farms than in the small farms. This means, for a 
given piece of land, that small farms had used relatively higher 
amounts of labour, seed and manure, whereas for a given amount of 
output the large farms had used a relatively higher acreage of land. 
For the wheat crop, all the input factors had higher average returns 
in large farms than in the small farms.
On examining the coefficient of variation of the marginal 
return of each input factor in paddy production, the marginal returns 
of net human labour and seeds were found to have higher variations 
in the small farms, whereas the returns of land and manure had higher 
variations in the large farms. Similarly, in wheat production the 
variation in the marginal returns of land and seed was higher in 
small farms, while the variation in the returns of net human labour 
and manure was higher in the large farms.
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Had there been a perfect situation in the district’s 
agriculture, there would not have been such wide variations in the 
marginal productivities of inputs for different farms. The dis­
crepancy in the marginal products could, however, have arisen for 
the following reasons:
a) The assumption that the same production function 
holds for farms of different sizes may not be true.
There may be different production functions for 
different size categories of farm.
b) Farms of different sizes might face different 
market prices for factors. Small farms may face 
lower factor prices for labour but higher prices 
for land. There is some evidence that this may 
be true. First, interest rates, which are an 
important component of land costs, are much 
higher for small farmers. Second, the opportunity 
cost of family labour in small farms during the 
slack seasons is almost zero. Evaluation of such 
labour at the market wage rate may lead to an 
over-estimate of the cost of labour to the small 
farms. Under these circumstances small farms would 
be more labour intensive. Another possible 
explanation relates to the underutilization of 
labour in large farms. For large farms there could 
be shortages of labour during the peak seasons, 
especially during the monsoon and harvesting time.
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CHAPTER 7 
CONCLUSIONS
The major burden of this study was the estimation of the 
Cobb-Douglas production function from the input-output data of 
138 cross-sectional sample farms of the Rupandehi district of Nepal.
The function was estimated for paddy and wheat crops separately. The 
analysis was carried out under the assumption that the same functional 
form applied to all the farms.
The factors of production, land, human labour, animal labour, 
seed and organic manure were taken into account. However, as animal 
labour was highly collinear with land and human labour, it was omitted 
from the production function. At the same time, the labour input was 
adjusted to be the net of the man-days associated with the use of each 
animal pair in field preparation. This variable is referred to as net 
human labour.
For each crop, the Cobb-Douglas production function was 
estimated by two different techniques, namely Ordinary Least Square and 
Linear Programming. The function estimated by the first technique was 
interpreted as the average production function and that estimated by 
the second technique as the best or frontier production function.
For both crops, the production coefficients of the estimated 
average functions were statistically significant. The R values were 
high. The F-ratios were significant at conventional levels of sig­
nificance .
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The hypothesis that the sum of production elasticities is 
not significantly different from unity could not be rejected at 
conventional significance levels.
For paddy, the estimated coefficients of the frontier 
production function, with the exception of the manure coefficient, 
were almost identical with those of the average function. With a 
view to assessing the possible bias arising from errors of obser­
vation or other problems, the "most efficient farms" were success­
ively removed from the sample and the frontier function re-estimated 
with the remaining observations. With 3 per cent of the most 
efficient farms removed from the sample the parameters of the 
resulting frontier function remained very similar to those of the 
average function. There are some indications that the frontier 
function had shifted neutrally upward from the average function.
For wheat, the estimated coefficients of the frontier 
function were quite different from those of the average function. 
Two, three and five per cent of the most efficient farms were 
removed successively and the frontier function re-estimated each 
time. With two and three per cent of the most efficient farms 
removed, the estimated parameters did not stabilize, but they did 
with five per cent removed. In this case, the frontier function 
seemed to have a non-neutral shift from the average function.
The estimated production functions were used to calculate 
the technical efficiency of the individual farms. For each crop, 
two different vectors of technical efficiency were generated from 
the average and the frontier production functions. The efficiency 
vectors were calculated as the ratios of actual output to the level 
of output estimated from the production functions.
/
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For a given set of inputs, the best farm in paddy production 
obtains 50 per cent more output than the average paddy farm which, in 
turn, produces 42 per cent more output than the worst farm. Similarly, 
the best farm in wheat production derives 87 per cent higher output 
than the average wheat farm which, in turn, obtains 44 per cent more 
output than the worst farm. These results suggest that farmers, on 
the average, follow more similar practices in paddy production than in 
wheat production.
With a view to examining the relationship between the 
efficiency vectors derived from the average production function and 
the efficiency vectors derived from the frontier production function, 
the Spearman rank correlation coefficient between the corresponding 
sets of rankings was calculated and the test of significance was 
carried out. The hypothesis of no relationship between the two sets 
of efficiency indices was rejected for both the crops. Furthermore, 
the resulting graphs obtained from plotting the frontier ratings 
against the average ratings also showed the existence of an almost 
perfect linear relationship between the two efficiency ratings. This 
result suggests that it is largely irrelevant whether efficiency 
ratings are calculated relative to the average or the frontier 
production function.
In order to examine whether efficiency in paddy production 
is related to efficiency in wheat production, the average and the 
frontier functions were re-estimated for those farms which produced 
both crops. On the basis of these functions, the efficiency ratings 
were derived for each individual farm. The efficiency indices under 
each crop were then ranked and the Spearman rank correlation 
coefficient calculated between paddy and wheat rankings. For both
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the average and the frontier functions, the hypothesis of no cor­
relation between the two sets of rankings was accepted. This suggests 
that efficiency in paddy production is not related to efficiency in 
wheat production.
One might expect that the farmer who is efficient in paddy 
production would also be efficient in wheat cultivation, that is, 
that the estimated efficiency would not be crop specific. The evidence 
presented here suggests either that efficiency is crop specific or 
that the efficiency indices calculated do not represent true efficiency 
but are the outcome of random factors. In this regard, further 
investigations are necessary for a definite conclusion.
An attempt was made to estimate the allocative efficiency of 
different farm-sizes in the use of farm resoures. On the basis of 
the average production function, the marginal returns to factors of 
production were calculated for both crops separately. These marginal 
returns were then compared for large and small farms. Given the same 
factor price ratios and identical production functions, the results 
of both crops indicated overuse of labour on the majority of small 
farms and underuse of labour on almost all the large farms, that is, 
the marginal product of labour was greater than the wage rate for 
large farms and generally less than the wage rate for small farms.
In the context of the labour supply situation in the district, this 
disequilibrium situation in labour-use may have arisen because of the 
overall shortage a£ labour during the monsoon and the harvesting seasons. 
During these periods, farmers choose to work on their own farms rather 
than to hire out their labour to large farms.
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Similar relationships between factor input and size were 
found for other factors. Large farms utilized more land relative to 
other factors than did small farms. With regard to seed and manure, 
small farms utilized more of these factors relative to large farms. 
Whether these different utilization rates represent allocative 
inefficiencies cannot be fully resolved without more adequate data on 
the relationship, if any, between relative factor prices and farm 
size.
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APPENDIX I
COMPUTATION OF THE SPEAKMAN RANK CORRELATION COEFFICIENT
The elements of each set of efficiency vectors are ranked 
from 1 to n. Wherever the observations are tied, they are assigned 
the average of the tied ranks.
as -
The sum of the squares of the rank differences is obtained
n
£ d 
i=l
2 = £ (X - Y )2
i=l
(1)
where,
first ranked vector 
second ranked vector 
number of ranks.
When there are ties in the ranks, the sum of squares of the variables 
is reduced by the respective correction factors given by -
,t3-t
,t3-t
over variable X.
over variable Y.
where,
t = the number of observations tied at a given rank.
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Thus, when the sum of squares is corrected for ties, it becomes -
Zx. = Z ( X | - X ) 2 = ^  - Tx ..........(2)
i
Zyi = Z(Yi ' Y)2 = !Ln s' ‘ TV ..........(3)i y
The Spearman rank correlation coefficient (rg) is then computed 
using the following expression -
+ Zy* - Ed* 
i i ir = ................  ..........(4)s /-------  v 7
2/ 1^1
When the ties are zero, i.e., when T = Tx y 0, (4) reduces to
1  -
6 E d ‘ 
i=l ■
n 3-n
(5)
With the assumption of normal population and random selection of 
samples, the null hypothesis that the two efficiency indices are 
unrelated in the population is tested using the statistic -
(6)
where (6) is distributed as Student’s t with (n-2) degrees of freedom. 
If t-value given by (6) is greater than t^, the critical value of t at 
a level of significance, the hypothesis that the two sets of efficiency 
vectors are not associated in the population is rejected.
